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| een the annual technical meeting 
of the Natural Gasoline Association of America 
held in Fort Worth, Texas, on March 24, 25, and 
26, it has seemed logical to devote this issue of 
PETROLEUM REFINER pri- 
marily to articles concerned 
with the design and opera- 
tion of light hydrocarbon 
processing plants, or with 
petrochemicals from light 


Special Number 


Memorandum 


the manufacture of 
hydrocarbons. 

Also, since the independent activities of two 
technical groups have profoundly influenced the 
development of the industry to its present stable 
condition, it has seemed appropriate to include 
brief outlines of the histories and functions of both 
the Natural Gasoline Association of America and 
of the California Natural Gasoline Association. 
30th groups have worked long and steadily in such 
worthwhile projects as the standardization of test 
procedures for petroleum products and have ren- 
dered invaluable service to the industry as tech- 
nical non-profit educational organizations. 


‘Toe ever increasing demand for petroleum prod- 
ucts will strongly influence and may alter the 
established routine of the past twenty-odd years 
by which the octane number requirements of auto- 
mobile engines and the octane 
numbers of motor gasolines 
have followed a leap-frog path 
Leap Frog Path to the present high levels. At 

the recent NGAA meeting in 
Fort Worth, two speakers reported research work 


Altering the 
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in the fields of automotive engine design and fuels. 
This material serves to outline current but con- 
trasting methods of approach to the twin problem 
of improving engine performance and lowering 
fuel consumption. 

J. M. Campbell and L. L. Withrow, of General 
Motors Research Corporation, reported their com- 
pany’s progress in a forward-looking full-scale 
automobile engine test program. The work centers 
around a specially built engine of 12.5 compression 
ratio, requiring gasoline with Research octane 
number in the vicinity of 100 plus 0.2 ml. TEL 
and Motor octane number between 88 and 90. At 
constant engine performance, they report gains of 
40 to 45 percent in fuel economy over correspond- 
ing 1947 production engines which required about 
85 Research octane. The engine design, extensively 
road tested, performs adequately and reliably, and 
has supplied entirely new data on high compres- 
sion engines. 

While this research project is a move forward 
in the direction of fuel conservation, it is obvious 
that a considerable part of the. savings in fuel 
achieved by such engines is theoretical rather than 
actual conservation, since the yield of 100 octane 
gasoline which can be produced from a barrel of ; 
crude oil is substantially less than can be made at 
the 85 octane level. 

Another approach to the same problems was dis- 
cussed by C. H. Van Hartesveldt of Thompson 
Vita-Meter Corporation, who reported research on 
the injection of anti-detonants to improve automo-s 
bile engine performance. Basic principle is that 
gasoline engines require high anti-knock fuel 
quality only when they are at or near full throttle. 
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how to multiply 
a paper mill by 2 


At the Southland Paper Mills at Lufkin, Texas, above, 
Brown & Root, Inc., was given the problem of doubling 
the newsprint output. 


175 Sens Daily a 2 
= 350 Tens Daily 


Doubling the production involved very substantial in- 
creases in power output, expansion of existing buildings, 
construction of new buildings, installation of new ma- 
chinery, moving of old facilities, work of every type— 
and all the time manufacture of critical newsprint had 
to go on. 


Southland Paper Mill, 
Schedule Uninterrupted 


Our supervisors and crews have shown such fine team- 
work with Southland’s able personnel that production of 
Texas’ greatest newsprint mill has continued at peak 
levels. 





Bring your complicated expansion or new construction 
problems to Brown & Root, Inc., whose experience and 
resources in the Southwest are unsurpassed. 


BROWN & ROOT inc. 


P. O. Box 2634 Houston, Texas 
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Economics are reportedly favorable to the “two- 
fuel” system. 

Distribution of anti-detonant liquid will consti- 
tute a major problem which is considerably simpli- 
fied because the volume of detonant is normally 
much less than the corresponding gasoline fuel 
volume. This source of anti-knock quality is effec- 
tive, of course, both to increase engine performance 
and to decrease fuel consumption. In practice it is 
entirely possible that extremely high compression 
engines, such as the 12.5 test engine mentioned 
above, can be satisfactorily operated on a two-fuel 
system consisting of a medium or even low octane 
gasoline and a suitable anti-detonant injection 
mixture. 

In the final analysis, economics will control, but 
it is now evident that the old pattern of ever in- 
creasing octane numbers and process unit com- 
plexity is due for thoughtful evaluation. 


a facts and figures on their 
own industry have been heard repeatedly by 
natural gas-gasoline men since the time their 
operations began to assume the size and shape of 
anew industry. But dis- 
closure of the information 
proving that it is a young, 
fully-grown, healthy in- 
dustry with a bright fu- 
ture by C. R. Williams, president, Natural Gasoline 
Association of America at the March convention, 
brought expressions of satisfaction and amazement 
at the progress of the industry. 

Among the many interesting facts that Williams 
pointed out to the assembly in his paper, “Signifi- 
cance of Liquids from Natural Gas,” was the total 
production of liquids from natural gas—130 million 
barrels in 1947. Production, he said, of natural 
gasoline and heavier fractions increased 5.9 percent 
in 1947 above that of 1946, and liquefied petroleum 
gas production increased approximately 11 million 
barrels, an increase of 34.1 percent over 1946. 

The production of natural gas since 1919 has in- 
creased almost five-fold, and the reserves of gas 
have increased ten-fold. Markets, he pointed out, 
are growing at an unprecedented rate. One of the 
most severe problems of the industry is distribu- 
tion of the volatile materials to the consuming 
public due to the concentrated production of these 
materials in the nation’s South Central section. 

In presenting distribution percentages for 1947 
over 1946, Williams showed that distribution of 
natural gasoline and condensate direct to jobbers 
and trade outlets increased 24.7 percent, LPG for 
fuel gas increased 43.6 percent. Of natural gasoline 
and heavier fractions distributed in 1947, approxi- 


Williams Brings 
NGAA Up to Date 
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mately 83 percent was distributed to refineries for 
blending and further processing, and 15 percent 
sold directly to the consumer. The refiner received 
only 22 percent of the LPG production in 1947 
from gasoline plants and of the total LPG pro- 
duced, the refineries supplied 28 percent. 

Domestic markets consumed 54.7 percent of the 
marketed production of LPG; chemical manufac- 
turing, 22.5 percent; industrial uses, 15.5 percent, 
and gas manufacturing or enrichment, 7.3 percent. 

Williams stated that the public was the largest 
consumer of LPG and the most difficult to serve, 
since this use and demand are seasonal and storage 
of summer production is required. It costs from 35 
to 40 cents for steel storage of propane and from 
20 to 25 cents for butanes. If the consumer would 
build his own storage, it would improve the indus- 
try’s service to the consumer and would reduce the 
high capital investment required by the producer 
for storing his winter needs. 

Gasoline produced from natural gas amounted 
to about 11 percent of the total motor fuel used in 
the nation in 1947. Williams also pointed out that 
this figure will undoubtedly increase in view of the 
57 natural gasoline and cycling plants due to be 
completed in 1948 and 1949. These plants will pro- 
duce an estimated 85,700 barrels daily additional 
gasoline, and 75,700 barrels daily additional LPG. 

Completion of these plants will boost natural 
gasoline and LPG recovery to 59 million barrels 
additional per year, an increase of 45.4 percent over 
1947. Of the 59 million, he said, 47 percent is for 
the recovery of additional LPG, and 53 percent is; 
for the recovery of gasoline and heavier compo- 
nents. Texas will produce 79 percent and Louisiana 
12 percent of the increased production. 


Mons than a billion barrels of oil have been 
saved for America since “Ethyl” gasoline was 
offered to the public 25 years ago, Charles F. Ket- 
tering, former General Motors research director 
estimated recently in marking 
the silver anniversary of the 
first sale of the new fuel. 

During the 19-year period 
from 1929 through 1947 inclusive, when records of 
sales were kept, American motorists used 60.6 
billion gallons of “Ethyl” gasoline, Ethyl Corpo- 
ration reports. © 

In the same 19-year period, nearly 12 billion 
gallons of high-octane aviation gasoline were pro- 
duced, and since 1933, the year the company 
started selling antiknock compounds for use in reg- 
ular or house-brand gasolines, American motorists 
have used more than 250 billion gallons of such 
gasoline “containing tetraethyl lead.” 


Ethyl’s Silver 
Anniversary 








SUBSIDIARY OF ROCKWELL MANUFACTURING CO. 


EAST CHICAGO, INDIANA 


JOBBERS EVERYWHERE 
STOCK EDWARD VALVES 





Ends capped, oiled and hung off the floor for protec- 
tion against thread damage and dirt, these Edward 
forged steel valves are part of stock in an important 
Gulf coast supplier. In foreground, Edward 7500 
lb Fig. 158 valves; in background, Fig. 2688. 


Edward valves are stocked by distrib- 
utors and oil field stores in all parts of 
the country. Some of the larger Edward 
valves are, of course, built on order, 
but all Edward forged steel valves, and 
many cast steel stop, check, non-return 
and other valve types are available out 
of stock. 


If your jobber doesn’t have the valve 
you want, he can get it for you and the 
chances are good that shipment can be 
made immediately. 


Valve Values, Impactor and EValthrust are registered 
trade marks of Edward Valves, Inc 





Pressure Drop Tests Take to Field 


EDWARD LABORATORY FINDINGS CHECKED 


Research into the characteristics of 
flow and the reduction of pressure drop 
has been a continuing Edward labor- 
atory project for many years. 

Recently Edward engineers checked 
their laboratory findings with a series 
of country-wide field tests,{[believed to 
be unparalleled in flow research, in 
large central stations operating under 
considerably different conditions. 















Edward angle non-return valve as tapped for field 
test in 1300 lb 920 F midwestern central station. 


IMPACTOR HANDWHEEL, 
CLOSURE INDICATOR 
AIDS TO OPERATOR 


For years, the Edward Impactor 
handwheel has been the most popular 
method for manual operation of large 
valves. Usually attached to a valve 
with patented EValthrust ball bearing 
yoke, it has simplified closing big valves 
against high loads in close quarters. 

Now many large Edward valves are 
also equipped with a new, high-visi- 
bility closure indicator to show the 

osition of the valve stem at a glance. 
n combination, the Impactor hand- 
wheel, EValthrust yoke bushing and 
Edward closure indicator are great 
helps to the operator. 



























Temporary insulation covers Edward motor-operated 
@ngle valve during in-service pressure drop tests 


To make the tests, standard valves 
were drilled and tapped so that pressure 
recording gages could be installed at 
vital points in the path of flow. Stress 
analysis was made concurrently through 
strain gages affixed to the body of the 
valves. 

Test results, coupled with laboratory 
data accumulated through the last 
decade, have guided the redesign of 
many types of Edward valves with re- 
duction of pressure drop of up to 30 
per cent. 


Edward Fig. 2688's 
Used on Trap Lines 


A good all-purpose forged steel globe 
valve is the Edward Fig. 2688, an O.S. 
& Y. valve, and its inside screw com- 
panion, Edward Fig. 2698. 

A good example of the many piping 
uses for this valve series is this con- 
densate and trap line hook-up on the 








reheat system of a big new central 
station in north central United States. 

The Edward inclined stem construc- 
tion in small globe valves has many 
advantages, not only in lower pressure 
drop, but in reduced wear through 
freer flow, and, as the illustration shows, 
piping flexibility where a battery of 
valves must be installed in limited 
space. 








EDWARD builds cast and forged steel globe and angle stop, gate, non-return, blow-off, feedline stop-check, INTEX (integral seat), integral bon- 
net UNIVALVES, relief, hydraulic, gage, straight-through valves and strainers for power, petroleum, marine, industrial and technological services. | 
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ngineering 
eatures of 
lastings Plant 





J. J. WEATHERBY and 
HENRY N. WADE, 


The Stearns-Roger Manufacturing 
Company 


x Hastings field gasoline plant recently completed 
by Stanolind Oil and Gas Company is located about 
0 miles southeast of Houston in flat country with ex- 
tremely poor drainage. On account of the poor bear- 
ing capacity of the ground, an unusually elaborate 
soil study, was made as a preliminary to the design 
of the foundations. Cores were taken at equipment 
and building locations within the plant area, which 
totals about 40 acres. A complete set of compression 
tests was made on these cores. In addition, three con- 
slidation tests were made from cores taken from 
two core holes bored to a depth of 45 feet. 


Design of Foundations 


The consolidation tests showed that a stratum hav- 
ing good bearing characteristics exists at depths vary- 
ing generally between six and eight feet below the 
surface. It happened that this stratum dipped about 
two feet in the length of the compressor building, 
which is 411 feet. On account of this the foundation 
mat under the compressors was stepped, so as to take 
full advantage of the sound bearing stratum. 

Elevation reference monuments were set in the bot- 
tom of core holes about 20 feet below the surface by 
the soil mechanics department of the University of 
Texas under the direction of Professor Raymond F. 
Dawson. The elevations of these monuments are 
transferred to the surface by means of 34-inch straight 
steel pipes encased in 2-inch outer protective pipes, 
with the space between filled with oil. The top ends 
of these pipes are capped so as to prevent any possi- 
bility of water getting into them. 

In order to determine the degree and rate of set- 
tling, bronze plugs were cast into each compressor 
block, with their rounded ends protruding slightly 
above the finished surface of the concrete. Similar 
plugs were set in various other critical foundations 
around the plant. The special detailed attention paid 
to the compressor foundations is due to the fact that 
the compressors represent the only application . of 









Distillation and Fractionation Structure, Absorbers, Stills and Fractionators, Cooling Tower ct 
Stanolind Oil and Gas Company's Hastings, Texas, Gasoline Plant. 


reciprocating equipment around the plant, and it is 
expected that the vibration caused by their operation 
will eventually cause a much greater degree of set- 
tling than is likely to be experienced in other parts of 
the plant. 

A careful level survey was made between all of the 
fixed elevation monuments, and the bronze plugs on 
foundation blocks were tied in to this survey as fast 
as the blocks were poured. 

All foundations were designed on the basis of the 
recommendations of foundation consultants. It is in- 
teresting that, to date, the actual settling experienced 
has checked the predictions of the consultants within 
a few hundredths of an inch. 

The plant is designed to handle 30 MMcef or below 
of gas per 24 hours, with full efficiency and a maxi- 








4 THIS article, J. J. Weatherby, chief process engineer, 
and Henry N. Wade, consulting engineer, both of The Stearns- 
Roger Manufacturing Company, individually well known in 
the industry for progressive thought in the design of hydro- 
carbon processing plants, collaborate in a discussion of certain 
practical considerations that influenced the design of a mod- 
ern gasoline plant. 

The plant contains a number of engineering features that 
are somewhat out of the ordinary. It is to be noted that many 
decisions important in the design of the plant were made as a 
matter of judgment based on long experience. 

Calculation procedures employed in the design of process 
plants are fairly well established in these days and workable 
precedents can usually be found for proposed processing 
schemes, so that engineers generally can turn out theoretically 
correct designs. If the resulting plants are to possess satis- 
factory operating characteristics, low maintenance require- 
ments, high on-stream efficiencies, and sufficient flexibility to 
accommodate considerable change in products and feed speci- 
fications, something more than theoretical co-rectness is 
required. 

Long experience and sound judgment are the most elusive 
elements of an engineer's necessary abilities, and are the ones 
least often assisted by the published literature. It thus seems 
likely that this material will hold high interest. 
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Process Flow Diagram of Stanolind’s Hastings, Texas, Plant. 


mum gas load of 40 MMef per 24 hours with some loss 
in efficiency. 

The gas is derived from 670 wells spread over about 
5000 acres. Lead lines from the individual wells are 
brought in to a number of trap batteries where the oil 
and gas are separated and the gas is delivered at or 
somewhat above atmospheric pressure into the gaso- 
line plant gas gathering system. 

The gas is drawn into the plant by means of nine 
1000-hp. angle type gas engine driven compressor 
units. The first stage suction cylinders on these units 
are sized so that they can handle the normal load of 
30 MMcf at a suction pressure of about 10 psia. (10- 
inch mercury vacuum). By the use of clearance pock- 
ets the same compressors can handle the maximum 
load of 40 MMcf when the suction pressure is a few 
pounds above atmospheric. 

The plant is designed to recover in finished prod- 
ucts, each of not less than 95 percent purity where 
single components are called for, the following per- 
centages of potential production contained in the wet 
gas: propane, 60 percent ; iso-butane, 90 percent ; nor- 
mal butane, 95 percent; iso-pentane, 90 percent; nor- 
mal pentane, and heavier 99-plus percent. 

On the basis of present gas analysis this corre- 
sponds to the following quantities of production per 
day: propane; 360 barrels; iso-butane, 190 barrels; 
normal butane, 210 barrels; iso-pentane, 108 barrels, 
and debutanized gasoline 547 barrels. 

Note that the separation of iso-butane from normal 
butane, or of iso-pentane from debutanized gasoline, 
is handled in a single fractionating column. On this 


82 {161} 


account it is not possible to make iso-butane and iso- 
pentane as separate products simultaneously. 

In order to attain the required high recovery of 
propane and butanes an elaborate study of absorber 
pressures was made so as to determine the most ad- 
vantageous pressure. As a result of this study the 
absorber pressure of about 700 psig. was selected as 
giving the best compromise between oil circulation 
and secondary recovery requirements for vented gas. 

Accordingly the field gas is compressed through 
three stages of compression to 700 psig. Gas cooling 
is provided together with efficient after-separation on 
the discharge from each stage of compression. The 
condensate from the compression and cooling is 
blended into the rich absorber oil. 

Field fuel gas and gas lift gas, amounting to pos- 
sibly 10 MMcf per day, may be taken directly from 
the outlet of the absorbers at 700 pounds. The rest o! 
the gas from the absorbers is compressed through two 
stages by means of three 800-hp. angle type gas en- 
gine driven compressors to an intermediate pressure 
of 1550 psig. and an ultimate pressure ranging from 
about 3500 psig. up to a possible maximum of 5000 
psig. In the event fuel and gas lift gas is required at 
higher than absorber pressure, these requirements 
can be supplied from the 1550 psig. gas. 

The fuel and gas lift gas is cooled and dehydrated 
with a solid adsorbent type dehydration plant at 
either 1550 psig. or 700 psig. and then distributed 
back to the field. 

The rest of the gas is compressed in the fifth stage 
to such pressure as is necessary to permit injection 
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into gas storage strata. At the 
resent time this pressure is about 
3000 psig. However, the cylinders 
and clearance pockets are de- 
signed so that the fifth stage can 
discharge at a maximum pressure 
of 5000 psig. The discharge gas 
from the fifth-stage compression 
is neither cooled nor dehydrated, 
but is delivered hot to the injec- 
tion wells. 

Since the pressure and volume 
requirements for gas lift are some- 
what variable, the residue gas 
compressors are fitted with vari- 
able clearance arrangements so 
that the relative volumes and 
pressures delivered in ‘the two 
stages may be varied over a con- 
siderable range. For example, if 
the fourth stage discharge pres- 
sure is 1550 psig., the fourth- 
stage cylinders can deliver the 
entire 700-pound residue gas, 
which, at a 30 MMcf wet gas load, 
amounts to 26.5 MMcf. If the 
fourth stage discharge pressure 
is raised to 1855 psig. this capa- 
city is reduced to 21.9 MMef. 
Similarly, the fifth stage with a suction pressure of 
1550 psig. has a capacity of 18 MMcf. at a discharge 
pressure of 3500 psig. This same stage with a suction 
pressure of 1850 psig. has a capacity of only 14.9 
MMef. at 5000 psig. discharge pressure. 


Absorption Oil Circuit 

The wet gas compressed to 700 psig. is contacted 
with absorber oil in two 40-plate absorbers operating 
‘n parallel. The unusually large number of plates in 
the absorbers was selected to insure getting a maxi- 
mum propane extraction with the oil circulation pro- 
vided. 

Since there has always been some question in the 
minds of plant designers as to whether there is any 
advantage in going much beyond 20 to 24 plates in 
an absorber, it was decided to arrange the Hastings 
absorbers so that the variation of extraction efficiency 
with varying number of plates could be investigated 
with all other variables held constant. In order to do 
this, additional oil input nozzles were provided over 
the thirtieth tray and over the twentieth tray, count- 
ing from the bottom. With this arrangement it is pos- 
sible to compare directly the performance of one ab- 
sorber against that of the other operating with a 
different number of trays, but with all other factors 
such as temperature, pressure, gas composition, oil 
ratio, etc., held exactly the same in both absorbers. 
So far only one complete set of comparative tests has 
been made. 

The saturated absorber oil flows from the absorber 
to a flash tank which is held at a pressure of 250 psig. 
In this flash tank a large part of the methane dis- 
solved in the oil at the higher pressure is released. 
\long with this methane an appreciable amount of 
propane and heavier components also weather out of 
the oil stream. In order to save these desirable com- 
ponents the gas from the flash tank is passed to a re- 
absorber which operates at 235 psig. This absorber 
is served with a separate stream of lean oil. 

In order to increase the efficiency of the reabsorber 






























Seventeen hundred-pound Operating Pressure Florite Dehydrator for Drying Gas and for Gas Lift. 


a fat oil cooler is connected between a pair of plates 
near the bottom of the absorber. The entire stream of 
partly saturated oil is withdrawn from the absorber 
and is pumped through a closed cooler and back to 
the absorber. 

The stream of fat oil from the reabsorber joins the 
main fat oil stream from the flash tank. The combined 
fat oil streams then pass through the main oil heat 
exchangers and through a steam heated preheater 
into the primary still. 

The function of the primary or high-pressure still 
is to remove all methane and ethane, most of the pro- 
pane, and part of the butanes and heavier, from the 
fat oil stream, leaving for removal in the main or 
low-pressure still only the heavier gasoline compon- 
ents which can be totally condensed at practically at- 
mospheric pressure. Since the overhead product from 
the primary still is composed largely of pentane and 
lighter components, the de-ethanizer can work on it 
under easy conditions, especially with respect to base 
temperature requirements. 

The partly stripped fat oil from the base of the 
primary still passes to the main still where the re- 
maining heavy gasoline components are removed. 

The completely stripped lean oil from the base of 
the main still is pumped through the lean side of the 
oil heat exchangers and through the final oil coolers 
to the suction of the high pressure lean oil pump, 
thus closing the absorption oil circuit. 

The supply of lean absorption oil for the 235-pound 
reabsorber is obtained by taking a side stream at a 
suitable point from the multi-stage main lean oil 
pump. 


Fractionation of Products 


From the preceding description of the absorption 
oil circuit it is evident that all of the commercial 
products are separated from the fat oil stream from 
two separate sources. The first of these is a mixture 
of condensate and uncondensible vapor from the top 
of the primary still, and the second source is the to- 
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Cooling Water System. 


tally condensed heavy gasoline from the main still. 

In order to salvage as much as possible of the pro- 
pane and heavier from the uncondensible vapors off 
the overhead product of the primary still, these va- 
pors are returned to the base of the 235-pound reab- 
sorber. 

The condensible part of the overhead product from 
the primary still is pumped to the de-ethanizer which 
separates methane and_ ethane from the other com- 
ponents, with a minimum loss of propane in the over- 
head product. The uncondensible vapors from the 
overhead of the de-ethanizer are mingled with the 
fat absorber oil from the main high-pressure absorb- 
ers, so that the escaping propane is partially recov- 
ered through the vapors issuing from the 250-pound 
flash tank. 

The base product from the de-ethanizer, consisting 
of propane and heavier components is mingled with 
the heavier gasoline from the main still, and the com- 
bined stream is fed to the debutanizer. Here the total 
stream of propane and heavier components is sepa- 
rated into two parts. The overhead stream consists 
of normal butane and lighter and the bottoms stream 
consists of iso-pentane and heavier. 

The overhead stream from the debutanizer is then 
passed to the de-propanizer where commercially pure 
propane is separated as a top product, and mixed 
butanes are produced as a bottom product. 

Depending on market demand, the mixed butanes 
are either run directly to storage or are passed to 
the splitter for division into pure cuts or normal and 
iso-butane. 

The bottoms from the debutanizer are fed to the 
depentanizer where a top product consisting of all 
the iso-pentane and part of the normal pentane is 
separated from the main stream of heavy gasoline. 

The stream of mixed pentanes from the top of the 
depentanizer may be passed to storage as such for 
subsequent reblending, or may be passed directly to 
the splitter for separation into a pure top product of 
iso-pentane and a bottom product consisting mainly 
of normal pentane. In this case the normal pentane 
is blended back into the heavy gasoline stream as 
indicated on the flow sheet. 

Since only one splitter is provided for the separa- 
tion either of pure iso-butane or of pure iso-pentane, 
it is obvious that both of these products cannot be 
made at the same time. 

In normal operation, with the splitter operating 
on the mixed butanes, the plant produces as com- 
mercially pure separate cuts propane, iso-butane, 
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normal butane, mixed pentanes, and the partially 
depentanized main stream of heavy natural gasoline. 
Normal butane and mixed pentanes can be reblended 
with the heavy gasoline to produce natural gasoline 
of any desired usual specifications. It is also possible 
to mix propane with surplus normal butane to pro- 
duce LPG cuts of various specifications. 

With the splitter operating on the pentanes the 
plant produces as separate commé€rcially pure cuts 
propane, mixed iso- and normal butane, iso-pentane, 
normal pentane, and partially depentanized heavy 
natural gasoline. Various obvious combinations can 
also be made by reblending these products. 


Steam System 


Steam is generated in three integral furnace boil- 
ers each having a capacity of 30,000 pounds, per hour 
of steam at 400 psig. and 680° F. total temperature. 
Process steam throughout the plant is supplied either 
directly at full boiler pressure where required or 
indirectly at lower pressures by expansion through 
turbine drives, direct-acting steam pumps or pressure 
controlled make-up regulators. 

The secondary steam systems operate at 90 psig. 
and 30 psig. The 400-pound steam system is used for 
the oil purifier preheater, the primary still preheater, 
and the main still reheater. Agitation steam for the 
primary still is throttled from the 400-pound system. 
The 90-pound system supplies the debutanizer and 
de-ethanizer reboilers while the 30-pound system 
supplies agitation for the main still and also heats 
the reboilers for the depropanizer, depentanizer and 
splitter. 

All process and power steam is eventually con- 
densed and the condensed water is salvaged by pass- 
ing it through a large skimmer tank and a filter set. 

All raw water make-up for the boilers is obtained 
by passing the raw water first through a deaerating 
heater and then to a pressure feedwater evaporator. 
The distilled make-up water is then blended with 
the clean condensed water returned from the general 
plant system, and the total stream is again passed 
through a deaerating heater before being fed to the 
boilers. 

Power System 


Electric power for the operation of pumps, cooling 
tower fans, lights and miscellaneous services about 
the plant is generated by three 750-kw condensing 
turbo generators. Power is generated at 440 volts for 
general distribution about the plant. Any two of 
these units will provide ample power for all plant 
operations. 

In order to provide lights in the boiler house and 
power plant during an emergency shutdown at night 
an auxiliary gas engine driven unit is provided in 
the boiler house. 

The electrical distribution system is divided into 
two parallel bus and feeder systems which extend 
to all important services throughout the plant. In the 
event of serious trouble on one of these systems it 
can be isolated and the plant can continue operation 
at somewhat reduced capacity on the other bus and 
feeder system. 


Cooling Water System 


All plant cooling is accomplished by circulating 
water over a fan induced draft type cooling tower. 
As indicated on the cooling water flow sheet, heated 
water from all sources is delivered to the top of the 
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tower where it is cooled down to within about 5 
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degrees above wet bulb tempera- 
ture (under summer conditions) 
by the time it reaches the collec- 
tor deck toward the bottom of 
the tower. 

Here part of the water passes 
to an Open spray system in the 
basin of the tower for distribution 
over the open cooling sections 
ysed for the gas and lean oil 
cooling. The rest of the cold water 
from the collector deck passes 
down into a closed sump just out- 
side the tower basin from which 
it is pumped through closed con- 
densers and coolers in the plant 
distillation area and also through 
the oil and air coolers for the 
turbo-generator sets. The hot 
water from this branch of the 
cooling system then returns to 
the main cooling tower basin. 

Water from the cooling tower 
basin, warmed partially by pass- 
ing through the condenser cir- 
cuit just described and also by 
contact with the open coolers 
in the tower, is pumped through 
closed exchangers which remove 
the heat from the two seperate 
jacket water circuits associated with the compressors. 
One of these circuits serves the engine jackets only 
and operates at a comparatively high temperature 
level. The other circuit serves the engine oil coolers 
and compressor cylinder jackets. 

Part of the basin water stream also goes through 
the turbo-generator condensers. The combined basin 
water streams are then returned over the top of the 
tower, closing the cooling water cycle. 

3y this arrangement a large part of the cooling 
water is passed through two groups of apparatus in 
series, supplying low temperature cooling where 
needed and moderate temperature cooling at points 
where close approaches to wet bulb are not neces- 
sary. This general arrangement effects a large saving 
in total cooling water circulation over the cooling 
tower. 
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Miscellaneous Unusual Features 


Split Main Gas Flow. On account of the need to main- 
tain uninterrupted field fuel and gas lift supply, the 
plant is arranged so that the incoming gas is divided 
into two separate parallel streams all the way from 
the main suction headers through to the outlets from 
the two 700-pound main absorbers. 

The field gas enters the plant through two separate 
scrubbers which feed the first stage suction header 
at opposite ends. Block valves are provided in ,this 
header, as well as in all others, so that the compres- 
sors handling the first three stages can be divided 
into two groups. Separate suction and discharge lines 
are run from the headers serving each of these groups 
back and forth to the cooling tower, and the inter- 
stage gas coolers and scrubbers are in two separate 
parallel series. 

Normally the plant is operated with the header 
block valves opened so that in effect there are simply 
two parallel gas streams working through the plant. 
However, by closing one set of block valves it is 
possible to isolate all of the gas piping and compres- 
sors on one-half of the system from the low pressure 
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North Side of Cooling Tower, Showing Dual Scrubbers for Interstage Cooling of Split Streams of 
Wet Gas. 


plant can be maintained at something like 50 percent 
suction up to the outlet of oné of the high-pressure 
absorbers. In this way operation of the rest of the 
of capacity while extensive inspection and repairs 
are carried out on the other half. 

Arrangement of Distillation and Fractionation Equip- 
ment. Since all condensers on the primary and main 
stills and on all fractionators are of the tube-bundle- 
and-shell type, it was decided to follow more or less 
conventional refinery practice in the arrangement of 
condensers, accumulators and pumps relative to the 
columns concerned. It is believed that this is the first 
time this sort of design has been applied to such a 
complete degree in a gasoline plant. 


The stills and fractionating columns are arranged 
in a single row at one side of the distillation service 
structure. The distillation service structure consists 
of a three-story steel frame carrying at its top the 
condensers and aftercoolers for the distillation and 
fractionation columns. The accumulators for conden- 
sate from the condensers are mounted immediately 
beneath their respective condensers on the second 
deck of the structure. Finally, the reflux and other 
service pumps are mounted on the ground floor di- 
rectly beneath the respective accumulator tanks. 

Through this arrangement the connections from 
the various columns to their condensers, from the 
condensers to the accumulators, and from the accum- 
ulators to the pumps are made unusually direct and 
short, with consequent elimination of time lag and 
surging. 

One of the results of this arrangement is excep- 
tionally smooth operation of all of the column con- 
trols, which in turn has proved to produce unusual 
degrees of purity in the fractionated products. 

Since it was decided to house the main high-pres- 
sure oil pumps and the control instruments along 
with the rest of the pumps in the base of the struc- 
ture, it was necessary to extend the structure for the 
bottom story for a greater length than was required 
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TYPICAL WINTER OPERATING CONDITIONS 
Average: Dry Bulb, 48°F., Wet Bulb, 40°F. 





APPARATUS Temp. °F. 





Main Absorbers 


Reabsorber 


Fat Oil Flash 
Primary Still 


Main Still 


De-ethaniser 


Debutanizer 





Depropaniser Feed 
Top 
Bottcm 
Depentanizer Feed 
Top 
Bottom 
Splitter... Feed 
(Splitting Iso-pentane)..| Top 
Bottom 
Water on Collector Deck 
| Water from Process Circuit 
| From Basin or to Turb. Steam Cond. 
| From Turbine Steam Condenser 
H. P. System 
Int. P. System 
Low P. System 





Cooling Tower 














by the equipment mounted above. This additional 

length at one end of the bottom of the main structure 

is used to support the main oil heat exchangers. 
The condenser and accumulator decks of the struc- 


‘ture are open while the ground floor is closed in with 


corrugated transite walls. All of the steel columns 
and girders up as high as the second floor are fire- 
proofed with reinforced concrete. 

Control instruments for the entire distillation and 
fractionation processes are concentrated in a room 
in the center of the ground floor of the structure. 

Fire Protection. In addition to the usual hand and cart 
CO, fire extinguishers, the plant is equipped with a 
dual water fire fighting system. 

One of these systems is designed to deliver ordi- 
nary hoze nozzle service at the rate of 1500 gallons 
per minute at a maximum nozzle pressure of 150 psig. 
Two separate pumping units are provided for this 
service, one operated by an electric motor and the 
other by a gasoline engine. In this way nozzle service 
could be maintained even though electric power were 
completely out and all natural gas supply cut off 
from the plant. 

The other system is designed to deliver 80 gallons 
per minute of water at a pressure of 700 psig. for fog 
nozzle service. This system can be put into operation 
through any one of five remote control stations at 
widely separated points around the plant. 

Herewith is a tabulation of principal operating 
conditions in the plant during a test run around the 
middle of January, 1948. 

The plant was engineered, designed and constructed 
by The Stearns-Roger Manufacturing Company of 
Denver in collaboration with the Manufacturing Depart- 
ment of Stanolind Oil and Gas Company. 


General View of Plant. Left to Right: Boiler and Generator House, Distillation Structure, Cooling Tower, Compressor House. 
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Modern Process Methods to 





Improve LPG Recovery 


G. W. McCULLOUGH, K. H. HACHMUTH, and A. J. MILLER 
Phillips Petroleum Company, Bartlesville, Oklahoma 


4 1E requisite of the early absorption-oil-type gaso- 
line plants was to extract the pentanes-plus fraction 
with enough butanes to make a 26-pound product. 
During the summer months even these butanes were 
often fractionated off to the plant flare or other dis- 
tress disposal when the only salable product was a 
12-pound butane-free gasoline. 

Although there was then but small incentive to 
study methods for increasing the propane-butanes 
extraction, the ingenuity of the gasoline plant de- 
signer was taxed to provide a minimum cost, low 
operating expense plant that would yield a fair 
payout under the natural gasoline prices that existed 
in the early 1930’s. Phase equilibrium constants or, 
more properly ratios and the absorption factor equa- 
tion came into widespread use about this time and 
provided a valuable tool for evaluating the factors 
influencing absorption." 7} * The contributors to this 
knowledge are many and the data and excellent arti- 
cles published are too voluminous to mention here. 

Under today’s market conditions and apparent in- 
satiable demand for liquefied petroleum gas products, 
the knowledge gained during the earlier but leaner 
years is being utilized to the utmost to revamp exist- 
ing plants for increased extraction and to design new 
plants for almost complete propane extraction or to 
the maximum allowed by contractual Btu. limitations 
on the residue gas. The factors influencing absorber 
performance are well-known but will be briefly re- 
viewed : 

1) Absorber pressure—The older low pressure plants, 
operating on rather rich gas compressed from sub- 
atmosphere to the range of 40 to 50 psi gage pressure, 
can now usually pay out additional compressors and 
higher working pressure absorbers if the gas reserves 
are adequate for several more years. In the more 
modern plants the absorber pressure is sometimes 
higher than the economical optimum for extraction 
because of pressure maintenance or other residue gas 
requirements, In design of new plants, the economics 
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Simplified Flow Sheet Flash-Flood System. 








| N CONTRAST to the early absorption-type gasoline plants 
which had but small incentive for extractions greater than 
required to produce grade gasoline, the present-day plant 
has a ready market for all propane-butanes at prices attrac- 
tive to high propane extraction. The knowledge gained during 
the previous years about the variables influencing absorption 
now allows wise selection of absorption conditions for eco- 
nomical high propane extraction. 
For high propane absorption, a significant saving in lean 
| oil stripping and cooling may be realized by using a flash- 
flood system as described. In this system only the oil required 
Yor pentanes absorption is totally denuded by steam stripping; 
the balance is flashed at low pressures for partial denudation 
and introduced at a mid-point in the absorber. 

High propane absdérption is accompanied by high absorption 
of ethane, methane, and sometimes hydrogen sulfide. Reduc- 
tion of these light components by simple venting as applied 
in the earlier plants is inadequate for economical recovery 
of the propane and heavier hydrocarbons. Bubble-plate meth- 
ods improve separation efficiencies and should supplement 
or supplant venting. 

The energy requirements for pumping, stripping, and cool- 
ing of absorption oil necessary for high propane extraction 
and recovery indicates that future plants may make this 
separation more economically by low temperature liquefaction 
instead of absorption methods. This would also allow de-- 
nitrogenation of the residue gas, affording additional ad- 
vantages by increasing the Btu value of the residue and 
saving costs of transmitting nitrogen with the residue in pipe 
lines. 
| Presentation of this study was made at the March meeting 
of the Natural Gasoline Association of America at Fort Worth. 
| 








of increasing absorber pressure must be compared 
with other methods of increasing extraction as there 
is usually an optimum pressure above which the in- 
creased extraction may be obtained more economi- 
cally by other methods. 

2) Absorption temperature—The importance of this 
factor cannot be over-emphasized ; it affords a means 
of increasing extraction in many existing plants by 
adding more lean oil coils or by supplementing water 
cooling of the oil with propane refrigeration. An 
important advantage of the lower absorption tem- 
perature is that the heavier constituents are selec- 
tively absorbed over the lighter gases. This is an 
important consideration since the ethane, methane, 
hydrogen sulfide, and possibly inert gases are detri- 
mental when absorbed in the rich oil and require ad- 
ditional equipment for their elimination. Frequently, 
increasing extraction of propane-butanes in the ab- 
sorber fails to net an increase of plant product in the 
storage tank because the increased extraction of 
lighter constituents prevents their condensation and 
recovery. 

Additional cooling may be applied directly to the 
lean oil to the absorber or by using an intercooler to 
cool the oil a few trays below the top, Lowering the 
temperature of the lean oil to the top of the absorber 
results in a lower residue gas temperature, which in 
turn lowers the moisture content of the residue gas. 
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FIGURE 2 


Flash-Flood Absorption Characteristics. Lean Oil Rate, 2,300,000 
Gallons Per Day; Inlet Gas Rate, 140 Million Standard Cubic 
Feet Daily; Pressure, 250 Psig. 


This may be beneficial in reducing moisture conden- 
sation in a pipe line or the load on a gas dehydrator. 
As approximately a 20° F. reduction in residue gas 
temperature would halve the moisture content, the 
investment and operating expense of a gas dehydrator 
would be substantially lower. When it is not bene- 
ficial to lower the residue gas temperature, the inter- 
cooler method is more efficient than refrigerating 
the lean oil as it directs most of the cooling to lower- 
ing the effective absorption temperature with less 
loss of refrigeration to the residue gas. Where there 
is considerable methane absorption, most of the ab- 
sorption oil temperature rise occurs near the top of 
the absorber. The intercooler then removes this heat 
or absorption and the effective absorption tempera- 
ture of the oil is benefited by almost the entire amount 
of refrigeration. 

3) Lean oil molecular weight—According to the ab- 
sorption equation, a decrease in lean oil molecular 
weight results in a proportionate increase in the ab- 
sorption coefficient but similarly results in a lowering 
of the stripping coefficient. Between these two factors 
and other considerations such as oil entrainment, oil 
retrograde losses, and cost of available absorption 
oil, the optimum molecular weight oil must be deter- 
mined. In order to maintain optimum molecular 
weight, an efficient oil reclaimer is a “must” in pres- 
ent day plants. 

4) Absorber trays—Like lean oil cooling, increasing 
the number of absorber trays provides a method of 
selectively increasing the extraction of desirable con- 
stituents over the lighter gases. Many of the older 
plants are now finding it profitable to increase the 
number of trays for extraction of more propane and 
butanes, It is important to provide the optimum num- 
ber of trays because trays once installed do their 
work with negligible operating expense. 

5) Lean oil rate—Most of the other factors mentioned 
allow a significant but limited increase in extraction 
while oil rate provides a means of increasing extrac- 
tion limited only by economics. Every gallon of lean 
oil circulated requires horsepower for pumping, steam 
for stripping, and equipment for heating and cooling. 
It is a costly item and every advantage should be 
taken to reduce it if economical high propane extrac- 
tion is to be attained. The characteristics of absorp- 
tion of any component, as shown by the absorption 
factor curves, display diminishing returns of increase 
in extraction for increase in oil rate as the extraction 
percentage becomes higher. For this reason, the in- 
crement of oil rate required to increase propane ex- 
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traction, say from 60 to 90 percent, results in q 
greater than proportionate increase in ethane and 
methane extraction. The absorption coefficient for 
hydrogen sulfide has been found to fall between the 
values for propane and ethane. Hence, in areas where 
the absorber inlet gas is sour, the deep extraction of 
propane results in high absorption of undesirable 
hydrogen .sulfide. For successful retention of the 
heavy constituents, the reduction of ethane and 
lighter with hydrogen sulfide—if present—must be 
accomplished. 


Multiple Absorption Methods 


One of the major investment and operating costs 
of a gasoline plant is that required for equipment to 
properly strip and cool the lean oil. For absorption 
of all the pentanes-plus fraction, it is of course neces- 
sary that the lean oil be almost completely stripped 
of pentanes. However, when a gasoline plant is de- 
signed for very high propane extraction, the incre- 
ment of oil required for extraction of propane and 
butanes is significantly larger than that required for 
absorption of the pentanes, The principle of multiple 
absorption is to provide enough completely stripped 
lean oil to the top of the absorber for absorption of 
the pentanes and apply at a point lower down in the 
absorber a larger volume of partially denuded oil for 
the desired absorption of propane-butanes.**®7 A 
simplified flow sheet is shown in Figure 1, illustrating 
this principle. 

This type of multiple absorption has been termed 
flash-flood since the oil required for high absorption 
of the liquefied petroleum gases is circulated at a 
high rate to the mid-section of the absorber and is 
partially denuded by cold flashing rather than by 
steam stripping. Thus the investment for steam strip- 
ping and for heating and cooling of the flashed oil 
is saved. In designing a plant of this type, there are 
many variables that must be avaluated. The rich oil 
to the flash tanks may be flashed in any desired num- 
ber of stages so that the leaner vapors may be segre- 
gated for appropriate processing while the major 
part of the propane and butanes may be flashed off 
under vacuum and condensed. The number of stages 
of flashing, the flashing pressures, and the ratio of 
flashed oil to lean oil are the major variables to be 
examined. 

The curves in Figure 2, show the percentages of 
hydrocarbon constituents absorbed at varying flashed 
oil to lean oil ratios at an absorption pressure of 250 
psi. gage. Also shown are the compressor horsepower 
requirements for handling the flashed vapors and for 
circulating the absorption oil. 

In order to attain the desired removal of propane 
and butanes without heating the flashed oil, it is 
necessary to operate the final flash tank under vac- 
uum. This makes possible air leakage into the system, 
which may introduce a serious corrosion problem in 
sour gas areas; This contingency may be circum- 
vented by accomplishing the partial denudation with 
steam stripping instead of cold flashing. The total 
rich oil from the base of the absorber passes through 
appropriate vent tanks and heat exchangers and a 
furnace preheater to the preliminary still where 
enough steam is used to strip out a substantial por- 
tion of the butanes and nearly all of the propane an 
lighter components. The partially denuded oil leaving 
the bottom of the preliminary still divides into two 
streams, the major portion passing through cooling 
coils to the lower section of the absorber, while the 
other stream—only the quantity required for pen- 
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tanes-plus absorption—passes to the final still for 
total denudation. 

The investment and operating savings attainable 
with the partial steam stripping system are not usu- 
ally as large as with the flash-flood system because 
the partially stripped oil requires heating and cooling. 
The savings of this system over straight absorption 
for equivalent extraction are due to the reduced strip- 
ping steam and dephlegmator cooling requirements. 

Although the purpose of this paper is to discuss 
processing for high propane recovery, it should be 
pointed out while discussing flash-flood multiple ab- 
sorption that this system offers excellent possibilities 
for ethane recovery if deired. 


Light Gas Removal 

The deep absorption of propane is accomplished by 
high quantities of methane and ethane, the amount 
depending upon whether high pressure, high oil rate, 
refrigeration, multiple absorption, or a combination 
of these methods is used. Although the light-end 
quantity may be somewhat reduced by advantageous 
use of refrigeration and absorber trays, even the best 
selection of variables will ordinarily result in light- 
end absorption too great for the simple venting meth- 
ods utilizing pressure reduction and heating of the 
rich oil, as they would result in high recycle, recom- 
pression, and reabsorption costs. Flash drums afford 
only a single-plate or equilibrium-flash separation, 
which may be considerably improved by using bubble- 
plate separation methods to supplement or supplant 
the “single-plate” flashings. This is analogous to 
using a bubble-plate fractionator to stabilize raw 
product instead of a weathering process. The means 
that the modern designer has devised for more eco- 
nomical separation and recovery of propane-butanes 
in the light gases are, basically, the use of bubble- 


FIGURE 3 
Flash-Flood Plant with De-Sorber, No Residue Limitations on Extraction. 


plate separations instead of single flashing and in- 
clude: 

1) Rich oil deethanization® 

2) Two-stage rich oil stripping at high and low 
pressure® 

3) Rich oil desorption’® ™ ** 78 

4) Lean oil presaturation 

Rich oil deethanization is fractionation of the rich 
oil from the absorbers to eliminate the ethane and 
lighter. The rich oil from the absorber enters the 
lower section of a two-section bubble-plate column. 
The bottom is the stripping section containing a re- 
boiler ; the upper section recovers propane and heavier 
stripped out in the lower section by lean oil absorp- 
tion. This process was recently described by A. M. 
Whistler,’ whose studies indicated this process to be 
limited to relatively rich gases and for moderate pro- 
pane recoveries. Recoveries of much higher than 70 
percent of the propane in the rich oil are not eco- 
nomical because of the high volume of lean oil re- 
quired over the top section. 

The principle of two-stage stripping is widely ap- 
plicable to rich oils containing large quantities of 
light ends as it affords a means of eliminating or 
greatly reducing costly recompression. The first still 
should operate at a pressure higher than the re- 
absorber so that the noncondensable vapors from the 
overhead cooler may flow to the reabsorber without 
recompression. Enough steam should be used in the 
first still so that the overhead vapors from the final 
still totally condense at the operating temperature 
and pressure. Although the optimum operating pres- 
sures for the two stills depends on the absorber pres- 
sure, richness of the inlet gas, and other factors, the 
order of 150 psi. gage in the first still and 50 psig. 
in the second illustrates a typical case. 

In rich oil desorption the cold rich oil from the 





{168} 989 











absorber is contacted counter-currently in a bubble- 
plate tower with gases rich in propane-butanes, as 
may be available from plant vent vapors. Where single 
stage stills are used, the uncondensed vapors from 
the still overhead coolers or make tank are usually 
suitable. The propane and heavier in these vapors 
are absorbed by the rich oil while some of the ethane 
and lighter content of the oil is stripped out or dis- 
placed. This method is an excellent adjunct to the 
flash-flood system as it is one of the few methods for 
reduction of light ends in the cold oil. As this method, 
once installed, adds practically no operating expense 
to the plant, it is a valuable process for the process 
designer to keep in mind. The rich oil deethanization 
and the two-stage stripping methods may be more 
effective in eliminating the light ends but likewise 
increase operating expense appreciably. 

Lean oil presaturation is a process introduced sev- 
eral years ago for a rather specialized application. 
The process consists in passing the lean oil before 
it goes to the absorbers over a preabsorber where it 
contacts vent vapors from the plant at the highest 
pressure possible without recompression. In so doing, 
the lean oil absorbs a high quantity of the vent vapors 
and increases in temperature due to heat of absorp- 
tion.’* It then passes through lean oil coolers to the 
top of the main absorbers. The volume of vent gases 
that were absorbed in the presaturated oil reduces 
the volume of light ends that would have been ab- 
sorbed from the inlet gas and thereby these constitu- 
ents.are, in effect, transferred from the vent vapors 
to the plant residue. This is accomplished by liquid 
pumping instead of vapor compression, The removal 
of much of the heat of absorption by presaturation 
is equivalent to using an intercooler, thereby reduc- 
ing effective absorption temperature and increasing 
the propane absorption, This process is particularly 
applicable where the main absorber operates at a 
high pressure to deliver residue gas and where the 
extraction in the main absorber is limited by Btu. 
requirements on the residue gas. In effect, the residue 
gas is enriched by the heavier constituents in the 
plant low pressure vent vapors. 


Selection of Process Flow 

There are many factors and variables that must be 
considered in choosing the process flow for a new 
extraction plant or revision of an old one, usually 
requiring that the process designer calculate several 
alternate cases for selection of the one most desirable. 
This will usually be the most economical case, but 
in some instances such factors as flexibility for pos- 
sible future needs may wield a strong influence. 

The major factors that mold the process flow are 
listed below, omitting the strictly economic factors 
such as prices received and paid. These economic 
factors, although affecting the payout and the eco- 
nomic depth of extraction, do not affect the choice of 
one flow system over another for the same product 
recovery. 

1) Inlet gas volume, pressure, and composition. 

2) Residue gas requirements as to volumes, Btu. 
limitations, temperature, and pressure. 

3) Product outlets. 

4) Existing equipment (when the project is a plant 
extension or revamp). 

5) Equipment availability. 

6) Flow schedule or load factor. 

7) Flexibility as to present or possible future oper- 
ating needs. 

A study of the first two items will usually deter- 
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TABLE 1 
Comparison of Straight and Multiple Absorption Systems Pro. 
___ cessing 140,000,000 Standard Cubic Feet Daily of Inlet Gas — 





Multiple Absorption 


Flash- | 
Straight Absorption Flood 
| 


Absorption Pressure—Psi gage. . 250 600 
Percent Absorbed: | 

Propane. . . — 80 | 80 80 

Butanes. . 99+ | 99+ 99+ 

Pentanes-plus. . ad 99+ | 99+ 99+) 99+ 
Absor, — Oil Circulation— 


Gal / 
Totally Denuded Oil 6,350,000 | 3,000,000 3,500,000 | 3,150,000 
Partially Denuded Oil... . 4,600, 3,500,000 
Compressor Horsepower for Boost- 
ing Inlet Gas above 250 Psi. 
Compressor h.p. for Vapor Handling : : 
Pump h.p. for Totally Denuded Oil 980 
Pump h.p. for Partially Denuded Oil! . , 


Pa rtial 
Stripping 


250 








600 
660 


7,400 | 
| 


8,380 


43,800 | 51,000 | 61,000 
Oil Cooling Requirements—Btu/ Hr.| 75, 700, 000 | 35,770,000 | 41, 730, 000 | 79,290,000 
Oil Heating Requirements—Btu/Hr.| 177,000,000 om 500,000 115, 800,000 | 183,500,000 


Dephlegmator Cooling Require- | : 
| 73,300,000 78,960,000 82,940,000 | 


Total Variable Horsepower. . 4, 360 1,260 


Sepang | Steam Requirements—_ 





ments—Btu/Hr a" 
Relative Investment for Variable | | (is 
Process Equipment. . . . 1.47 | 1.06 1.00 
Annual Operating Expense (Less _ <€4 
Gas Royalty and Indirect Exp.). $383,000 $496,000 $420,000 | _ $363,000 
Relative rating a to | 
0.91 1.18 1.00 | 0.87 
| Pa 


1.40 





} 
| 








mine the absorber pressure and depth of extraction 
for the process design. Then several alternate flow 
schemes may require calculations and economic anal- 
ysis before selection, If there are no restrictions other 
than economics on the depth of extraction, it may 
be necessary to includes cases for several depths of 
extraction and recovery. A careful study of the fac- 
tors and flow possibilities may narrow the selection 
by critical elimination. Likewise, judicious choice of 
operating conditions will lighten the burden of cases 
that require calculation. Items four and five should 
be kept constantly in mind, for they are unpredictable 
and may upset the labors of many painstaking calcu- 
lations. 

As an illustration of process choice, assume a case 
with these premises: 1) An inlet gas volume of 140,- 
000,000 standard cubic feet daily of moderately rich 
gas with ample reserves for a long plant life; 2) Low 
pressure field trap conditions such that the gas enters 
the plant at atmospheric pressure and requires com- 
pressors; 3) No residue gas limitations as to pres- 
sure or extraction depth; 4) Products to be sold as 
grade natural gasoline and LPG. This example illus- 
trates a case where the cost of compressing the inlet 
gas to the absorption pressure must be borne by the 
gasoline and LPG products recovered without aid 
from increased value of the residue gas due to pres- 
sure. An appropriate flow system is presented in 
Figure 3, 

Some of the economics showing the advantages of 
the flash-flood system, as given in Figure 3, are com- 
piled in Table 1. For the purposes of this comparison 
the investments and operating costs for equipment 
to compress the gas to the 250 psi. gage level are not 
included since these costs are common to all the cases 
presented. The tabulated figures show that the flash- 
flood system of 250 psi. gage absorption pressure 
accomplishes 80 percent propane extraction at an 
investment saving over straight absorption at the 
same pressure, with but $37,000 greater annual oper- 
ating expense which would require the average life- 
time to payout the difference in investment. The 
same extraction may be accomplished at 600 psi. 

gage by straight absorption at 6 percent higher in- 
vestment and 18 percent higher operating expense 
than for the flash-flood system at 250 psi. gage. 
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Suppose, though, that the inlet gas were available 
ata high pressure, such as 1000 pounds gage, and 
that a residue gas contract limited extraction to 50 
percent of the propane and all of the butanes-plus. 
The lean oil requirement for this extraction would 
be lowered to the extent that flash-flood would not 
be advantageous, A flow scheme that would be indi- 
cated is shown in Figure 4. 

The many factors affecting the selection of the 
most economical plant flow and then selection of 
optimum operating variables present a complex task 
tothe modern process designer, General rules, formu- 
lated for process selection by defined limitations of 
such factors as inlet gas richness and pressure, be- 
come clouded and unsafe by the combination of the 
many local factors that must be considered for each 
individual case. 


Low Temperature Liquefaction 

As a closing thought it is predicted that the present 
trend toward deep extraction of propane and even- 
tually ethane will alter future plant processes from 
the absorption-oil type to low temperature liquefac- 
tion.’ The original purpose of the natural gasoline 
plant was to remove the “wet? or heavy gasoline 
ends but the present day trend is to make the separa- 
tion not at the bottom but at the top, removing the 
light gases from the liquefiable hydrocarbons. This 
objective, it seems, should be accomplished more 
etticiently by straight low temperature fractionation 
of the inlet gas. The high energy requirements for 
pumping, heating, stripping and cooling of the ab- 
sorption oil indicate promise for low temperature 
liquefaction separation methods, which are thermo- 
dynamically more direct. The introduction of any 
loreign medium, such as absorption oil or charcoal, 
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Flow Diagram High Pressure Plant, Residue Limitations on Extraction. 
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increases the energy requirement for separation. 

In some areas where extraction is limited by Btu. 
limitations on the residue and where there is appre- 
ciable nitrogen in the gas, low temperature liquefac- 
tion offers the advantage of nitrogen separation. 
Removal of nitrogen would allow deeper extraction 
of propane and ethane, if desired and would save the 
pipeline cost of transmitting the inert nitrogen, Not 
only could horsepower be saved for transmitting the 
inert material, but existing pipeline and compressor 
installations could be made to handle more therms. 

Although the process of low temperature liquefac- 
tion has not been completely developed, representa- 
tives of both the natural gasoline and gas transmis- 
sion industries must recognize that cooperative 
approach to its use will be required if denitrogenation 
and hydrocarbon recovery are to be attained most 
economically. 
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‘Tue first refineries that were operated for the 
separation of crude oil into its component fractions 
employed distillation processes exclusively for this 
purpose. Modern refineries have become in part 
chemical manufacturing plants in which the un- 
wanted fractions of the crude oil are converted to 
more useful and saleable products, and also the 
usual fractions are treated by other methods than 
distillation to improve their quality or usefulness 
for other purposes. Thus, the modern refinery em- 
ploys to some extent all the unit operations of chemi- 
cal engineering, such as absorption, adsorption, cen- 
trifuging, drying, extraction, filtration, etc., but the 
predominant operation in all refineries is still dis- 
tillation. 

The earliest design of distillation equipment was 
by “rule of thumb.” However, with the introduction 
of rigid and continually improved specifications for 
petroleum products, it was necessary to develop a 
sounder basis for design. The first requirement in 
any design is a knowledge of physical and physical 
chemical properties of the components and their mix- 
tures, and up to the present time, much more work 
has been done on the pure hydrocarbons, and their 
mixtures with each other and with other compounds, 
than on any other groups of compounds. Thus, while 
experimental techniques are still being improved in 
this field, the basic physical chemical data have been 
determined with a good degree of accuracy. 

The method of application of these data to the 
design of equipment handling multicomponent mix- 
tures has also been the subject of considerable work 
in recent years, stimulated by the close competition 
in the field of petroleum process equipment design 
and construction. Most of this work has been di- 
rected toward predicting from the observed data on 
the pure components, of which there are a limited 
number, the properties and performance of multi- 
component mixtures, of which there are unlimited 
numbers. There is very little that cannot be calcu- 
lated for the properties of hydrocarbon mixtures from 
the data on the pure components, although the re- 
liability of the final answer varies, and in many of 
these properties greater accuracy is both possible 
and desirable. 


Mixtures Obey Raoult’s Law 

The basic data for the design of distillation equip- 
ment is fairly well established in the ordinary range 
of temperatures and pressures used in this equip- 
ment, although it is not yet possible to accurately 
predict the distillation equilibria of a multicomponent 
mixture at temperatures and pressures approaching 
the critical conditions of the mixture. 

The calculation of the vapor and liquid concen- 
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Multi-Component Distillation 
Calculations 


EDWARD G. SCHEIBEL, Hoffmann-La Roche, Inc., Nutley, N. J. 





l, THIS article, a thorough analysis is made of all the 
factors involved in the design of a column for multicom- 
ponent distillation. Simple methods for the determination of 
minimum reflux are described together with simple methods 
for evaluating the approximate number of trays required. A 
method for calculating the ratio of the key components on 
the optimum feed tray is discussed, and the equations of 
Underwood have been applied to a simple tabular form of 
calculation in which the number of trays required to obtain 
this ratio of the keys on the feed tray can be easily deter- 
mined, The application of Underwood’s equations have been 
simplified by the introduction of a function G, described, 
which can be read from a simple graph. 

The problem of heat balances around all the trays in the 
column to determine the variation of vapor and liquid 
quantities is also discussed, and a new method for adapting 
the Ponchon method to multicomponent distillation is de- 
scribed. This greatly simplifies the exact design of multi- 
component distillation column including heat balances on 
all the trays. 











tration in equilibrium in a hydrocarbon mixture is 
relatively simple because these mixtures are very 
nearly ideal and obey Raoult’s law which states that 
the partial pressure of a component from a mixture 
is proportional to the concentration of the component 
in the mixture, and the proportionality constant is 
independent of the concentration. Under these con- 
ditions, the proportionality constant is equal to the 
vapor pressure of the pure component. When allow- 
ance is made for the deviations of the gas and liquid 
properties from the perfect gas laws by the use ot 
fugacities, the proportionality constant is called the 
K-value. A knowledge of these K-values for all the 
various hydrocarbons at different temperatures and 
pressures is the primary requisite for the design ot 
distillation equipment for petroleum hydrocarbon 
mixtures. These K-values have been reproduced for 
all of the normal paraffin hydrocarbons at different 
temperatures and pressures on a single chart.’* » 
The ratio of the K-values of any two components 1s 
called their relative volatility and, while K-values 
vary considerably with temperature at a given pres- 
ture, the relative volatility varies very little with 
temperature. It can be shown from the Clausius 
Clapeyron equation that the variation of the relative 
volatility of two components with temperature is a 
function of the difference between their molal latent 
heats. Thus, it should be noted that only when the 
two components have identical molal latent heats, 
is their relative volatility constant, and since no two 
hydrocarbons satisfy this condition, truly constant 
relative volatility is never realized, even in ideal so- 
lutions. However, in most cases, the variation of the 
relative volatility over the temperature range of an 
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ordinary distilling column is sufficiently small so 
that the use of a constant value does not introduce 
any large error in the calculation. 

In the design of a distilling column, it is necessary 
that the reflux ratio be greater than a certain mini- 
mum value which would require an infinite number 
of trays to give a specific separation and in practice, 
an economical design would be at a reflux ratio 1.5 
to 2.0 times the minimum value. When the reflux 
ratio is chosen, it is then necessary to determine the 
number of trays required to give the separation de- 
sired in the column. For preliminary and economic 
studies, it is possible to estimate the total trays re- 
quired and a final design involves a rigorous calcu- 
lation of the number of trays required in the column. 
Thus, a complete process design of a distilling col- 
umn consists of the following steps: 

1) Determination of minimum reflux ratio. 

2) Estimation of the number of trays required at 

a reflux ratio greater than the minimum. 

3) Calculation of the exact number of theoretical 

trays required in the column. 

Each of these steps will be considered separately 
in arriving at the final column design. 


MINIMUM REFLUX RATIO 

The minimum reflux ratio for a binary system can 
be readily calculated or determined graphically from 
the McCabe-Thiele diagram™ since .it is that reflux 
ratio which gives an intersection of the operating 
lines on the equilibrium curve of the two components. 
In multicomponent distillation, the situation is not 
so simple because the equilibrium curve varies with 
each feed composition and with each reflux ratio so 
adirect solution is not possible by this method. 

The tray calculations for a binary system at a given 
reflux ratio reach a constant composition of vapor 
and liquid (given by the intersection of the operating 
line with the equilibrium curve) and a similar effect 
is observed with multicomponent calculations al- 
though its graphical significance is not apparent. 
Fenske’ and Underwood”® have derived equations for 
directly calculating the composition of this so-called 
“pinch” at which point the compositions of the vapor 
and liquid do not change with additional tray calcula- 
tions. At minimum reflux in a binary distillation, the 
pinch compositions for the stripping section and the 
iractionating section of the column are identical, and 
on this basis methods for relating these pinch compo- 
sitions at minimum reflux in multicomponent distilla- 
tion have been developed. 

_When separating several components in a distilla- 
tion column, it is necessary to specify the maximum 
concentration of one of the components that is de- 
sired in the overhead product and the maximum con- 
centration of one of the components, usually the next 
more volatile component, in the bottoms product. 
These components are referred to as the key com- 
ponents, the first being the heavy key and the second, 
the light key. If a component is present which has 
avolatility intermediate between the key components, 
it is called a “split key” and the distillation in this 
tase is then called a “sloppy” separation to dis- 
tinguish it from the first case which is considered 
a sharp separation, although the degree depends on 
the actual concentrations of these key components 
in the overhead and bottoms products. 

The fractionating pinch at minimum reflux con- 
tains only the components present in the overhead 
and, consequently, no components heavier than the 
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heavy key and conversely the stripping pinch con- 
tains only the components in the bottom and no 
components lighter than the light key. The first exact 
definition of minimum reflux ratio in a multicom- 
ponent system was given by Jenny. When a trace 
of the components lighter than the keys is introduced 
into the stripping section pinch and a trace of the 
components heavier than the keys is introduced into 
the fractionating pinch, at the minimum reflux the 
tray calculations between the pinches will be found 
to match the concentrations of all components at the 
feed tray. This is a rigorous but very tedious pro- 
cedure and several attempts have been made to arrive 
at an equally reliable answer with much less work. 


Tray Calculations Eliminated 


The earliest methods for estimating minimum re- 
flux ratios was by determining that reflux ratio at 
which the ratios of the key components in the two 
pinches were equal. Colburn* showed that this was 
not true and developed an empirical method for de- 
termining the relation between the ratio of the key 
components in the two pinches at minimum reflux. 
This method involved a trial and error solution in 
which the ratios of the keys were calculated in both 
pinches at different reflux ratios until the empirical 
relationship between them had been satisfied. It was 
much simpler than the rigorous Jenny method since 
it eliminated the necessity of tray calculations and 
gave a value that agreed with the true one with an 
average deviation of 1 percent over the range of 
concentrations studied. 

Mayfield and May*® developed a simpler method for 
calculating the minimum reflux ratio for an essen- 
tially complete separation of a multicomponent mix- 
ture in which one of the products consists only of 
one component and a negligible quantity of the other 
key. The method thus applies only to distillations in 
which no components are present lighter than the 
light key or in which no components are present 
heavier than the heavy key. 

An empirical equation’? for direct calculation of 
the minimum reflux ratio for a multicomponent mix- 
ture has also been developed which is based on the 
concept of a pseudo minimum reflux ratio. This 
pseudo minimum reflux ratio is that required to sep- 
arate the key components when all components 
heavier than the keys have zero volatility and all 
components lighter than the keys have infinite vola- 
tility. This value is readily determined from the 
binary equilibrium curve of the key components by 
constructing a feed line on the McCabe-Thiele dia- 
gram with a negative slope equal to the pseudo ratio 
of liquid to vapor in the feed which is given by the 
following relationship: 

_._ Xi—=Xp Mi—=Mp 
m. Xv—2Xa My—2Ma o 
where m = pseudo ratio of liquid to vapor in feed 
X.i = mole fraction of feed as liquid 
Xv = mole fraction of feed as vapor 
=Xp = total mole fractions of components heavier than 
heavy key in feed 
=X, = total mole fractions of components lighter than 
light key in feed 
M:i= moles of liquid feed 
My = moles of vapor feed 
=Mp = total moles of components heavier than heavy 
key in feed 
2M, => a> Ft of components lighter than light key 
in ree 


The intersection of the feed line with the equilib- 
rium curve is most easily determined by the graphical 
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method. However, when the binary equilibrium curve 
is not readily available but the relative volatility is 
known, an equation can be derived expressing the 
value of the intersection in terms of the known quan- 
tities. The equation is cumbersome but it gives a 
more precise value than the graphical solution unless 
a large scale is used for the equilibrium curve. How- 
ever, where repeated calculations using the same 
two key components are made, their equilibrium 
curve can be kept available for such constructions 
and the graphical treatment is well within the ac- 
curacy required in any industrial calculation. 

The pseudo minimum reflux ratio is then calculated 
by the following equation: 


"a Cl — xp)@ — 2 
” (a, — 1)x, (1 — x:) (as — 1) ” 
where R’« = pseudo minimum reflux ratio 
Xp = concentration of light key in the overhead 
product expressed as a fraction of the total 
amount of the keys 
x; = abscissa of the intersection of the feed line with 
the equilibrium curve 
a&, = relative volatility of light key with respect to 
heavy key corresponding to the concentra- 
tion of x: on the binary equilibrium curve. 


When the pseudo minimum reflux ratio has been 
determined, it is possible to correct it for the actual 
volatilities of the components heavier than the keys 
and lighter than the keys by the following empirical 
equation : 











as in cases where the feed contains a large quantity 
of components either lighter than the keys or heavier 
than the keys. They developed a more reliable method 
for determining the pseudo minimum reflux ratio 
in these cases and also found that by calculating the 
first correction term at the temperature of the strip- 
ping section pinch, and the second correction term 
at the temperature of the fractionating section pinch, 
this equation can be applied to these cases with an 
accuracy of 1 percent. 

Underwood?" ?? has recently derived a rigorous 
method for calculating this minimum reflux ratio and 
while it involves the solution of a rather complex 
equation it is possible, by the use of a relatively simple 
trial and error technique described later, to obtain 
the desired root of the equation from which the 
minimum reflux ratio can be readily calculated. Thus, 
this method gives an exact value for the minimum 
reflux ratio with only a small amount of additional 
work. 


Estimation of the Number of Trays Required at a 
Given Reflux Ratio 

When the minimum reflux ratio has been estab- 
lished, it is possible to choose an operating reflux 
somewhat larger and determine the number of theo- 
retical trays required. However, it is frequently de- 
sirable to know the approximate number of trays 
required for preliminary process and economic stud- 
ies. This can be obtained from general correlations*' 





siier 9 aa nae Xa P 
Ru = 3—sx~ | XR’ + (Xe + 2Xp) a, + (14-22 (3) 
AR m~AA ap _— Qa aa 


where X,= concentration of each component lighter than 
the keys in the feed 

a@, = relative volatility of each component lighter 

than the keys with respect to the heavy key 

Xp = concentration of each component heavier than 
the keys in the feed 

a» = relative volatility of each component heavier 

than the keys with respect to the heavy key 


based on the minimum reflux ratio and the minimum 
number of trays, i.e., those required at total reflux. 

The trays required at total reflux are readily calcu- 
lated from the equation of Fenske® and of Under- 
wood’® which can be readily applied to multicom- 
ponent mixtures in the form: 





log *®X'© Jog Ma mc 
This equation can be expressed in terms of the kina x'Xo _m’s Me (5) 
moles of feed and the K-values as follows: log @ log @ 
R MR’, + Mot 2M: = a 
-_ L ’ : " : I \ > —— aoe — = =  - 
M M, + 2M, I i+ M, Ke aid a Ma K, (4) 
Kp —~ 


where Ma = moles of each component lighter than keys in 
feed 
Ms = moles of light key in feed 
Mo = moles of heavy key in feed 
My = moles of each component heavier than keys in 
feed 
Myr = total moles of feed 

Ky, Ke, Ke, Kp are the K-values of each of the above com- 

ponents at the temperature of the feed tray for the pseudo 

minimum reflux ratio based on the binary system of the 
keys. 

These equations can be applied directly to the 
determination of minimum reflux ratio in a multi- 
component system without the usual trial and error 
solution, and as such they are simpler than other 
published methods. The equation has been found to 
agree with the true value with an accuracy of about 
1 percent for the cases usually encountered in prac- 
tice and in extreme cases where the key component 
comprise only 10 percent of the total feed, the agree- 
ment is within 10 percent of the true minimum reflux. 

Recently Bailey and Coates' pointed out that larger 
errors might be obtained with mixtures where the 
relative volatility varies considerably in the column, 
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where xs = concentration of light key in overhead product 
Xe = concentration of heavy key in overhead product 
x's = concentration of light key in bottoms product 


x's = concentration of heavy key in bottoms product 
ms = moles of light key in overhead product 
mc = moles of heavy key in overhead product 


moles of heavy key in bottoms product 
total number of trays in column operated with 
reboiler and total condenser. 


, 
me 


m’s = moles of light key in bottoms product 
a= 


For the case of a partial condenser with vapor 
overhead product, the value of the right hand side ot! 
the equation is n + 2. : 

As a very approximate rule, the number of trays 
required at 1.5 times the minimum reflux ratio 1s 
about twice the minimum number of trays and at 
twice the minimum reflux the trays required will be 
about one and a half times the minimum number. 
The first general correlation between the number 
of trays and the reflux ratio was developed by Brown 
and Martin.’ Gilliland’ subsequently proposed a cor- 
relation which was simpler to apply and gave results 
of the same degree of accuracy. These correlations 
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rive results that are usually within 10 percent of 
he correct answer. 

The previous correlations predict only the total 
umber of trays required and do not give any clue to 
he location of the feed tray. The concept of the 
seudo minimum reflux ratio has been extended to 
he pseudo reflux ratio’ which is defined as that 
eux which gives the same total number of trays on 
he binary equilibrium diagram of the key com- 
wnents as required in the multicomponent separa- 
ion. It has been found’that the pseudo minimum 
efux ratio can be calculated from the following em- 
sirical relationship: 
R'u + xi 


Ru + x: 


R’+x=(R+x1) (6) 


where 
R’ = pseudo reflux ratio 
R = actual reflux ratio 


By using the pseudo reflux ratio to carry out the 
graphical tray calculations on the binary equilibrium 
curve of the key components by the McCabe-Thiele 
method,’® it is possible to locate the feed tray and 
aso determine the total number of trays in the col- 
umn with an accuracy better than 10 percent and 
inmost cases within 5 percent of the correct value. 

Bailey and Coates? modified this equation and 
proposed a method for calculating a modified ‘binary 
equilibrium curve depending on the composition of 
the feed. They were able to obtain an agreement 
with the rigorous tray-to-tray calculations of within 
3.5 percent in all cases studied. 


CALCULATION OF EXACT NUMBER OF 
TRAYS REQUIRED IN A MULTICOMPONENT 
DISTILLATION: 


The rigorous method of tray-to-tray calculations 
is described by various authors involves a trial and 
error matching of all the components at the feed tray 
and, as such, it is a difficult, time-consuming proc- 
ess in which a completely exact answer is almost 
impossible, and the concentrations of the compo- 
nents are generally matched with such a degree of 
accuracy that a perfect matching of all the compo- 
nents would not appreciably effect the number of 
trays required. Jenny* has proposed a method in which 
the tray calculations can be started at the feed tray 
and thus, the trial and error matching of the com- 


mm — 


ponents is substantially eliminated. The method, of 
course, requires only a fraction of the time required 
by the first method, but it is also time-consuming 
and requires one complete set of tray calculations for 
an accurate solution, even after the compositions of 
the feed tray liquid and vapor are established. Other 
methods of carrying out multicomponent tray calcu- 
lations have been proposed but these introduce un- 
certainties due to the approximations involved in 
shortening the method, and cannot be considered 
any more reliable than the approximate methods of 
= previous section although they require more cal- 
Culations. 


Recently Underwood*** has derived equations by 
which it is possible to calculate the concentrations of 
all components on a tray in multicomponent calcu- 
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lations and these equations can be adapted to a con- 
venient form of calculation which is no more difficult 
or time-consuming than the ordinary dew point and 
bubble point calculations made on each tray for 
multicomponent distillation. The method requires a 
trial and error procedure for matching the compo- 
nents at the feed tray. However, this can be easily 
done very accurately because the concentrations are 
determined by a single calculation and not by a 
series of tray-to-tray calculations as in previous 
methods. The method completely eliminates the trav 
to tray calculations because the feed tray composi- 
tions are obtained directly from the equation. 


A) Location of Optimum Feed Tray: 

In multicomponent tray calculations the optimum 
feed tray location is not as obvious as in the case of 
a binary system where the optimum feed tray is near 
the intersection of the operating lines. The feed tray 
for any multicomponent distillation can be located 
any place between two limiting positions each of 
which require an infinite number of trays and the 
optimum feed tray location is defined as that which 
requires a minimum number of total trays in the 
column, This would require an additional number 
of calculations at different feed tray locations to 
establish the optimum. The method of Gilliland® for 
choosing this optimum feed tray location does not 
hold and the ratio of the key components on the 
optimum feed tray has been found to vary with the 
reflux ratio.’ An empirical equation has been devel- 
oped to calculate the ratio of the key components on 
the feed tray at the minimum reflux ratio.” The ratio 
of the key components in the optimum feed tray at 
any reflux ratio has been found to vary linearly with 
the function R= between the limiting values at 
minimum and total reflux. The optimum feed tray 
approaches at total reflux, the tray which straddles 
the feed composition such that the ratio of the key 
components is equal to the ratio of these components 
in the feed divided by the square root of their rela- 
tive volatility. This ratio has been confirmed by pre- 
cise calculations on binary systems. It is apparent 
that the optimum feed tray at total reflux is the 
same for all conditions of the feed. 

Also at minimum reflux the ratio of the key com- 
ponents in the feed tray (there is only one feed tray 
possible at minimum reflux) is given by the empirical 
equation: 


, 
[nm 





=, : _ Rp, SS (ean) Xa? 
ze, (m—1) 
(7) 


Where r’m = ratio of light to heavy key in feed tray at pseudo 
minimum reflux ratio 





ru = _- en 
1— xi 
ru = ratio of light to heavy key in optimum feed tray 


at actual minimum reflux ratio 


(7a) 











F,= (1 — @p v) ay, Xp : 7b 
(a, — 1) (Xn + Xo) (1 — =Xa) (7b) 
_— (a, — 1)?I 

a  ) So - 

(Xn + Xo) (1— Xp) (7c) 

F,= (43 — 1) v e (74) 


ay (Xe + Xc) (1— =X) 
1= fraction of feed as liquid 
v = fraction of feed as vapor 


In this equation it should be noted that all the 
terms in the denominator are dimensionless quanti- 
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ties and any consistent units for concentration may 
be used. Thus all the values of X may be substituted 
by the corresponding values of M and the terms 
(1—=X,) and (1—2Xp) must then be substituted 


by (Mp— Ma) and (My — =Mp) respectively. 
Also at total reflux 


omens: | 
XcVan 


Ms 


re— 


and at any intermediate reflux ratio it can be shown 


that 


(9) 





r=m+ SM (ru — re) 


r= ratio of light to heavy key on optimum feed tray at 


reflux ratio R. 


The value of r determined by this method has been 


found to locate the optimum feed tray within one to 


two tenths of a tray and this was considered almost 
within the limits of accuracy of the graphical tech- 
nique for locating the optimum feed tray at the mini- 
mum number of total trays required because in no 
cases were the total trays at the calculate value of r 
any greater than at the previously estimated ratio. 
Thus the curve of total trays against feed tray loca- 
tion is usually sufficiently flat, particularly at reflux 
ratios 1.5 times the minimum reflux ratio that the 
calculated value of r gave perfect agreement with the 
minimum number of trays even when the total trays 
were interpolated to within tenths of a tray. 


B) Tray Calculation for Systems of Constant Relative 
V olatility 


Using the value of r calculated by these equations 
it is possible to apply the relationships derived by 
Underwood to determine the number of trays re- 
quired above and below this feed tray to reach this 
ratio. Underwood’s equations when written alge- 
braically appear very complicated however it must 
be remembered that an algebraic expression for a 
dew point or bubble point calculation also appears 
very complicated whereas the actual arithmetic solu- 
tion is very simple when carried out in tabular form. 
Underwood’s equations similarly are no more diffi- 
cult to apply in tabular form than these other calcu- 
lations and the easiest method for demonstrating 
the application of the equations is by considering a 
specific problem. In order to adequately demonstrate 


Ru = 


the method but without introducing excessive com- 
plications, a four component system will be con- 
sidered with one component lighter than the keys 
and one component heavier than the keys. Then in 
the case of additional components lighter and heavier 
than the keys these are handled in a similar manner 
but of course with additional calculations. In general, 
the components in a petroleum distillation such as 
ethane, propane, butane, pentane, etc., frequently 
have relative volatilities of the order of 2 with respect 
to the next less volatile component in the mixture 
so relative volatilities of 4, 2, 1 and .5 will be taken 
for the four components of the feed mixture. Com- 
ponents having higher or lower volatilities with 
respect to the heavy key are actually easier to handle 
in the calculations, so for purposes of this illustration 
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(8) 


awl 





they will not be considered. Thus the following 
separation is desired: 




















FEED OVERHEAD PRODUCT | BOTTOMS PRODUCT 
Mole i 
Moles/Hr. a Moles/Tir. Fraction Moles/Hr. Fraction 
et 
A 30 7 30.0 -60 awe i: 
B 20 2 19.5 39 5 Ol 
C 20 1 5 01 19.5 39 
D 30 5 ‘ 30.0 60 
100 50.0 1.00 50.0 1,00 



































The feed will be taken as total liquid so that the 
vapor quantities above and below the feed are the 
same and constant molal downflow will be assumed 
in the two sections of the distilling column for these 
calculations, The significance of this will be con- 
sidered later. 

The first step in the solution of this problem is the 
determination of the minimum reflux ratio. Thus by 
equation (1) 

— 100—30 — 
—  —=30 
By using the equilibrium curve for the key com- 


ponents or plotting it if a curve for «== 2 is not avail- 
able, according to the relationship, 


— 2.33 


ax 
1+ (@—1)x 
it is possible to construct a line with a negative slope 
of m or in other words a positive slope of 2.33 as 
shown in Figure 1. The intersection of this line with 
the equilibrium curve is found as 


xi = .610 


y= 


and the pseudo minimum reflux ratio is calculated by 
equation (2) using 


. Iq.s 
xp= a+ = 975 |. — 
39.5 . 19.9 to 
Riu = 975 =_———(.025)2 
(2—1) .610 (390) (2—1) 


= 1.600 — .128 = 1.472 


The minimum reflux ratio for the multicomponent 
distillation can be calculated from equation (4) ex- 
pressed in terms of relative volatilities instead of 
the K-values 


20 + 30 ( 30 
.100 2/.5—1 


sp (29.4 + $.0-4 11.2) = 912 


(20) 1.472 + 





\+ Pate |= 


In this system, the tray-to-tray calculations indi- 
cated the minimum reflux ratio as .89, and the error 
in this case is more than 2 percent which is larger 
than in most of the other cases studied.” It is desired 
to operate the column at about twice the minimum 
reflux ratio and 1.78 was chosen. 

In order to determine the approximate number of 
trays required, the graphical tray calculations are 
carried out as shown on Figure 1 at the pseudo re- 
flux ratio calculated by equation (6). 


, 1.47 + .61 -_ 
= (1. 61) —__"—_ — .61 = 3.27 — .61 = 2.66 
R’ = (1.78 + .61) 1 61 


It can be shown that for a binary system, the opti- 
mum feed tray varies linearly on this diagram be- 
tween that at minimum reflux determined by the 
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intersection of the feed line and the equilibrium curve 
and that at total reflux calculated by the equation 





xr = xs (8a) 


xe + (1—xr) Va 


where 


xr = concentration of light key in optimum feed tray 
liquid at total reflux 


X 
xe = ———— 


~ Xa+ Xo 

Thus, the graphical tray calculations are started 
at the intersection of the operating line for the strip- 
ping section with the line MT shown in Figure 1, 
and the trays required are found by this method to 
be 7.1 in the fractionating section and 8.6 in the strip- 
ping section for a total of 15.7 trays. Actual tray-to- 
tray calculations on the multicomponent column 
save 7.0 in the fractionating section and 7.3 in the 
stripping section for a total of 14.3. Thus an error of 
about 10 percent is observed with this method. This 
isalso larger than in most other cases studied. How- 
ever, if the correct minimum reflux ratio had been 
used to calculate the pseudo reflux ratio instead of 
the calculated minimum, the agreement would have 
been better. 

It is also interesting to note that the very rough 
rule based on the trays at total reflux holds exactly 
for this case, although such close agreement is not 
often encountered. The minimum number of trays 
calculated by equation (5) is ; 


19.5 19.5 





log 
ae Pat ser ee 
oer log 2.00 7 


Thus, n= 9.58 and at twice the minimum reflux 
ratio, the number of trays required will be about 
15 9.58 or 14.37. This method does not give any 
clue as to the location of the feed tray. 

A final design would require a more rigorous cal- 
culation at the optimum feed tray location. The ratio 
of the key components on this feed tray is determined 
by first calculating the ratio of the key components 
on the feed tray at minimum reflux by equations 
(7a) (7b) (7c) (Yd) and substituting in equation (7) 
written in terms of the moles of each component in 
the feed. 


= 10.58 











610 
eS 

ru i— 610 565 
F, = =) (2) (20) — oy49 

(2—1) (40) (70) #8 

mao 
F;= 0 

1.565 on 

t= — 

1 + 01428 (.5) (1—.5) 30+ 000357 37" 

1.565 
= 1,29 
1 + 107 + 1.07 


The value of ry is calculated from equation (8) as 
follows 


20__ — 707 
20Va 


and the value of r at a reflux ratio of 1.78 is calculated 


rr — 
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"EQUILIBRIUM CURVE BASED 
ON RELATIVE VOLATILITY 
st OF KEYS o¢ = 2.00 
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ar T 
3+ 
GRAPHICAL TRAY CALCULATIONS 
2k AT PSEUDO REFLUX RATIO 
R «2.66 
7.1 FRACTIONATING TRAYS 

J 8.6 STRIPPING TRAYS 

Ve 15.7 TOTAL THEORETICAL TRAYS 
% 1 2 3 4 Ss 6 7 r) errr 

FIGURE 1 


from equation (9) 
r=.707+ oe (1.29 — 


It should s noted that, while this value is prac- 
tically the same as the ratio im the feed, this is en- 
tirely coincidental because at other reflux ratios, the 
value of r varies between .707 and 1.29. 

Underwood” has derived the equations for the con- 
centration of each component on any fractionating 
tray in a multicomponent distillation involving k 
components as follows: 


.707) = .707 +- .299 = 1.006 














izch 
> Xi x®ar 
ra) n 
i=1 ' 
eet (RNS Loe (10a) 
_. aed 
r+) n 
55 
and 
i=k 
Ai x" nt 
= om 
Sen tt gee | etc. (10b) 
i= k 
Ay a 
Py 
(= 
where 
¢ is a solution of the equation 
Q&, Xap Q@z Xpp + %& XcPp + ap Xop 4 ., =R+1 (11) 
a,—?¢ a3 — > a&—>¢ ap — > 


where the first subscript after the x terms refers to 
the component and the second subscript refers to the 
overhead product. This equation will have as many 
solutions as there are components in the mixture and 
the subscript i refers to each of these solutions, 


Also 


Xap Pi 
of es 12A 
xX Al R (a, — #1) ( ) 
ee Xzp 9: 12B 
7s R (ag — ¢:) ( ) 

etc. 
and 

{176} 97 








1 





A= = 
MX ai 


@, xxi 7s Gq x°os + ap x° v1 ees: 
a,— 9 


ay — ao — 9 ay — 9 





and there is a value of 4 for each value of ¢, 

These equations can readily be evaluated in tabular 
form, and the calculations are greatly facilitated if 
printed forms are available similar to those used by 
many design companies for heat and material bal- 
ances, bubble point, dew point, and equilibrium flash 
calculations. 

The first step is the determination of the various 
solutions of equation (11) to obtain the values of ¢. 
This can be greatly simplified by making the follow- 
ing substitution 

Let G=-“—* —1-—-*# 


a a 


(14) 


It is then possible to construct a chart similar to 
Figure 2 in which the value of G is plotted against 
the value of ¢ at different values of «. The lines all 
pass through the point 0,1 and have slopes equal to 
—1/«. The break in the line at G=0O is due to a 
change in the scale because it is necessary that posi- 
tive and negative values of G be determined with 
equal accuracy and it is apparent that this could not 
be done by using the same scale for positive and nega- 
tive values of G. In spite of the change in the scale, 
both segments of the lines are straight and conver- 
gent. A somewhat more convenient graph may be con- 
structed by plotting log (1—G) vs log ¢ on regular 
logarithmic graph paper and calibrating the ordinate 
directly in G as shown in Figure 2(a). If the inverted 
calibration of the G scale is considered confusing, the 
lettering may be made on the reverse side of the graph 
paper and the chart printed through the paper. 

Equation (11) may then be written 


where the summation refers to all the components 
present in the column and xp refers to their individual 


(lla) 


TABLE 1 
Calculation of Values of ¢ and \ for the 
Fractionating Section at R -- 1— 2.78 





























} 
| TRIALT | TRIALU | TRIAL Ill 
o1=3.2 o1=3.3 $1=3.29 x1= 
Xp | Xp | Ip > Xp * 
G G io cont Lao eet 
» « | S | G | G RaG  G 
A 60 4 20 © 3.00 175 #4343| 177 3.39| 1.565 884 
B 39 3 —.60 io $0 | —645 —605| —.560 .87 
Cc #1 1 | ~2.2 oo | —23 ~00| —2.29 —.005} —.005 .00 
D .00 A —5.58 
2.35 | 2.83 2.78| 1.000 9.71 
Ar =.103 
| gets | gael | a= l.57 x° 
A 60 4 625 96) 60 1.00 608 .987| 218 .36 
B 30 2] (25 1:56 20 195| 215 1.813 ‘800 3.72 
oie 6 || oe 02 | —60 —017] —57 —.018} —.016 03 
D .00 5 2.14 
2.50 2.933 2.782} 1.002 4.11 
ho=.243 
o3=1.00 3 = .99167 x°3 
A 60 4 75 30 15 80 M2 15 
B 39 2 50 78 50 78 217 43 
Cc #1 1 1.20 00833 1.20 670 80.4 
D 0 5|—10 —1.0 
2.78 2.78 999 80.98 
As =.01235 
= 500 xs 
A 0 4 ‘875 685 048 = 05 
B 39 2 75 ‘520 073.10 
C a1 1 ‘50 020 006 = .00 
D 5 00 = «1.555 ‘873 
2.78 1.000 
M= 

















concentrations in the overhead. By a trial and error 
procedure values of G for the given values of @ are ob. 
tained from Figure 2 at constant values of ¢ until the 
relationship of equation (11a) is satisfied. These cal- 
culations resemble the conventional dew point calcy- 
lations and are no more difficult. However, there is q 
solution of ¢ corresponding to each component which 
is less than the relative volatility of this component 
and greater than the relative volatility of the 
next less volatile component. For each solution of ¢ 
there is also a value of x°, which corresponds to a 
pinch point of constant composition although only 
one of these points will be real and the others wii] 
occur at some points of negative concentrations. This 
does not interfere with the application of the equa- 
tions which are exact algebraic derivations and re- 
quire only that the terms be handled taking into ac- 
count their proper signs. 

Equations (12A) (12B) etc., can be most readily 
evaluated in terms of G by rearranging to the follow- 
ing form ; 





— XAP e 
x°a1 =- a. (15 
a Ra, Gai ~) 
and 
_. 9: XRP 
zs 200° Oo - = (15b 
=o Rap < ) 


etc. 


Finally equation (13) can also be readily evaluated 
by introducing the function G 


x*s (16) 


where this summation refers to all the components 
present in the column. 

All of these calculations can be carried out by a 
single tabulation as shown in Table 1. By assuming 
a value of ¢ and reading the values of G from Figure 
2, it is possible to solve equation (lla) by repeating 
this operation until the sum of the = column is 
equal to (R-++ 1). This can be done by noting that 
the first three solutions lie between %, and %p, @g, and 
@,and % and % and also that the concentration of 
component D in the overhead is so small that the 


values of - for component D are negligible in these 


cases. If subsequent calculations indicate that it must 
be considered, these calculations can be finally ad- 
justed to give an exact solution but this would only 
be necessary if % is very close to % and, even in 
this case, it would affect only the calculation of %;. 
It can also be seen that ¢, is very nearly equal to % 
or unity and by using the values of Gat ¢=1, the 
XP 
~G 
ferences as 1.20 for which the value of G must be 
.00833. Noting that the slope of the line on Figure 2 
for “1 is —1, this value of G will be obtained 
when ¢, = 1+ (.00833)(— 1) or .99167. This is not 
apparent on Figure 2a and must be borne in mind 
separately when using this type of graph. Similarly 
¢, must be substantially equal to % or .500 and by 


subtracting the values of — calculated at this value 


XP 


of ¢ it is possible to obtain G 


value of for component C is determined by dif- 


for component D also 


by difference. 
The values of x° are calculated by the equations 
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4 5 6 7 8 


FIGURE 2 


(Ida) (15b) etc., noting that a is already given the 
table. Thus it is possible to complete the calculation 
for #, even though neither xp or G has as yet been de- 
termined, for component D, It should also be noted 
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that the sum of these pinch concentrations must total 
unity within the limits of slide rule calculation as 
shown and if any significant discrepancy is found, it 
indicates an error in the determination of ¢, This 
serves as a check on the calculations up to this point. 
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The last column of the table gives x values which 


are added for each value of ¢ and the value of 
obtained as the reciprocal of this sum for each value 
¢, The value of 4, must temporarily remain undeter- 
mined until a matching of, the components is made 
at the feed tray. 

A similar set of calculations is then made for the 
stripping section of the column using the equations 
derived by Underwood” similar to those for the frac- 
tionating section. The values of ¢ are then solutions 
of the equation 

x's 


2% 


where x’s is the concentration of each component in the 
bottoms product 

S=reboil ratio, i.e., ratio of stripping section vapor to 
bottoms product. 

In this case, the solutions are all larger than the 
particular values of « for the different components 
and smaller than the next more volatile component. 

The pinch compositions for each solution of ¢ are 
then calculated by the equations 
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etc. 


where the terms have the same significance as in 
the previous equations (15a) and (15b) and the 
prime denotes concentrations in the stripping section. 
The values of 4 are also given by the equation 
similar to equation (16) expressed in terms of con- 
centrations in the stripping section 

hitnadies 

x i 

— Gi 
and the concentrations of the components on the mth 
tray in the stripping section are given by the equa- 
tions similar to equations (10a) (10b) etc. but with 


(19) 
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etc. 


The values of 4 and ¢ can be calculated from the 
same general form as shown in Table 1 with over- 
head product concentrations replaced with the bot- 
tom concentrations and the notation of primes on all 
concentrations to indicate that they apply to the 
stripping section instead of the fractionating section. 

The mechanism for the calculations given in Table 
2 is similar to that for Table 1. With total liquid feed 
so that the stripping section vapor is the same as the 


fractionating section vapor S = As o (> 2.78. 


Thus, a trial and error procedure is used to establish 


x's - 
—— &8 


G 





the value of ¢ when the sum of the values of 
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TABLE 2 


Calculation of Values of ¢ and ) for the Stripping Section 

































































at $ — 2.78 
TRIAL I . TRIALY TRIAL Ill 
o1= 1.00 = o= x= 
x'B ‘ xB x'B —?o x’B x” 
eoxmniniet ; ountntingien a a 
xB @ G G G |(S+1) «GG —G 
- £0 ¢ —.000 —2.554 675 
— ee —1 —.010 005 00 
C. 39 1 —3 —.130 -138 05 
D «0 4] —7 —.086 182 .03 
1.000 
—2.780 ——_- -——— 
= 
o2=2.00 2 = 2.00912 x"°3 
A 00 4 50 00 -50 .00 000 
Sm. —-00 —2.19.| —.00456 —2.19 582 127.5 
Smee ae —1.0 —.39 | —1.0 —.39 207 21 
D. .60 5| —3.0 —.20 | —3.0 —.20 .212 07 
—2.78 —2.78 1,001 127.78 
A2=.00784 
3=1.1 o3=1.18 o3=1.165 x1% 
A 00 4 425 .00 705 00 71 00 .000 00 
S # $$ 45 02 Al 02 42 02 | —.003 Al 
C 39 1 —10 —3.90 —18 —2.17 —.165 —2.36 727 = 4.41 
D. 60 5} —12 —50 | —136 —44/ —133 —.45 .276 21 
—4,38 —2.59 —2.79 1.000 4.63 
As=.216 
oa =.55 o4=.58 o4=.581 x1% 
A 00 4 86 -00 85 .00 85 .00 000 .00 
> a 2 72 01 -70 01 .70 01 | —.001 00 
Cc 29 1 45 87 42 93 A2 93 | —.143 34 
D_ «60 5 —1 —6.00 —.16 —3.75 —.162 —3.71 1.140 87.04 
—5.12 —72.82 —2.78 996 7.38 
Aa =.1355 








—2.78. This applies to ¢, and %, in the table. The 
value of %, is obtained by noting that it is very nearly 
equal to %, and from the values of G at #,-=2 the 
exact value of G is obtained by difference. From 
Figure 2, it can also be noted that the slope of the 
line for @==2 is —'Y% and the exact value of ¢ is 
2+ .00456 2 or 2.00912. This particular value 


does not alter the 


XB 





calculated at ¢== 2.00 for the 


other components, but if such were the case, the cal- 
culations could easily be revised to the new value of 
¢ and a more accurate evaluation of this function 
could be made. 


Similarly, the value of ¢, is very nearly equal to 4s, 


and using the values of G at == 4.00, it is possible 


to determine 


x's 


G 


for component A by difference. 


The pinch compositions are calculated from equations 
(18a) (18b) etc., and the values of 4 are calculated 
according to equation (19). It will be seen that the 
values of 4 are the negative of those originally de- 
rived by Underwood,” but since these multipliers 
appear in all terms of the numerator and denomi- 
nator of equations (20a) (20b) etc., the signs cancel 
out. The present definition gives positive numbers 
which are more convenient to handle. 

When all the values of ¢ and 4 have been deter- 
mined for both the fractionating section and stripping 
section, it is possible to calculate the feed plate com- 
position that corresponds to the optimum ratio of 
the key components. A study of the calculations indi- 
cates that the major factors in this ratio are the values 
of ¢ corresponding to the two key components or in 
this case %, and %,, and the terms involving other 
values of ¢ may be neglected for the first estimation 
of the number of trays required. Thus the value of 
n which satisfies the following equation can be deter- 
mined 


Aa xm of. As x Rs 
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(21) 


101 








and by calculation of these four values in Table 3, 
it is possible to immediately estimate the number of 
fractionating trays and at n=7.7, it will be found 
that r=1.01. Similarly, by considering only the 
major factors in the stripping section in the follow- 
ing equation 

pe Os X's Pe Ms x" mo (22) 


he O™: x’ os +A; o™s x’ os 





the number of stripping trays will be estimated be- 
tween m=7.4 where r=.987 and m=7.5 where 
r== 1.04, 


A first trial at n= 7.7 and m=7.35 will indicate 
that the effect of components A and D in the feed 
tray liquid is such that the actual ratio of keys for 
the fractionating section is greater than the ratio for 
the stripping section, and consequently, additional 
trays would be required to match out exactly at the 
desired value r. 


The first trial also allows an accurate evaluation of 
the effect of these components on the ratio of the 
keys and the second trial at n= 7.95 and m= 7.55 is 
shown in Table 3. A table of this form allows a 
rapid calculation of feed tray composition at different 
value of n and m and is very useful in estimating 
trends and the effect of the other components on the 
concentrations of the keys so that it will be immedi- 
ately apparent before all the calculations are com- 
pleted whether the components are going to match 
out. Also the preliminary trials can be made by 
equations (21) and (22) by merely filling in the four 
appropriate values required by these equations and 
when the desired ratios are obtained, the balance of 
the table can be calculated. Thus, the use of Under- 
wood’s equations in a table of this form represents a 
tremendous saving of time over the conventional trial 
and error tray calculations which are exceedingly 
difficult to carry out for fractional numbers of trays 
and requires plotting several curves to finally match 
the components, 

From the vales of ¢ and 4 in Tables 1 and 2, it is 
possible to complete the first three lines of the frac- 
tionating part of Table 3 and the last three lines of 
the stripping part of Table 3. By neglecting the 
missing terms, it is then possible to calculate the 
ratio of the component A (lighter than the keys) to 
the key components in the fractionating section and 
then introduce the necessary amount of A in the 
stripping section calculation to give this ratio. Thus, 
the first calculation on this table would give 


.00295 —_ 

“01609 X< 1.688 = .293 
inserted as the value of 4,%,™x’°,, in the table. It is 
then possible to calculate the other values by the 
ratio of their pinch compositions, x’°,, in Table 2. 
Thus, the ratio of component D to the keys can be 
calculated which can be used in the last line of the 
first part of Table 3. These values are all shown in 
parenthesis in the table. The second set of figures are 
then made in a similar manner starting with the new 
value calculated as 


.00327 
.00875 +- .00877 


and the other figures in the table correspond to this 
second cycle of calculations. If a third cycle of calcu- 
lations were made, the new starting value would be 
.329 as compared to .327 and this would not change 


to be 





~X (.879 + .871) = .327 
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TABLE 3 
Calculation of Feed Plate Compositions 
oe » r » » r 
or —_— — xa} — xsi — xc] — x9 
>= " $" $° $* $2 
or or or or 
o » Ao™ Apmx’’a | AS™’”B | AH™’C | AGmx”’y 
n=7.95 
1 3.29 .103 12,900 | .0000080 | .00001 .00000 00000 | .00000 
2 1.57 243 36.0 .00675 00147 00540 |—.00011 | .00000 
3 99167] .01235 .936 | .01319 00148 .00286 00884 | .00000 
4 500 0040} .00687 (.00032) (00049) (,00004) | (.0058) 
(.00327) | (.00875) | (.00877) = 
02681 .00328 .00876 00877 .00600 
Concen- 
trations .122 .327 327 224 
m=7.55 
m (293) | (002) - |(.060) | (079) 
1 4.00 39,000 | .488 327 d 067 088 
2 2.00912} .00784 | 193 1.510 .000 879 313 320 
3 1.165 .216 3.17 685 .000 -.002 498 .189 
4 581 1355 0165 | .0022 .000 .000 .000 003 
(.879) (871) (.591) 
2.685 327 879 878 .600 
Concen- 
tracions .122 .327 327 224 


























any of the other figures in the table so the concentra- 
tions of A and D are balanced with the keys, and it 
is then necessary to compare the actual concentra- 
tions of all components. It should be noted that the 


r 
values of r and 4,¢™, are the sums of the concen- 
4 


tration terms in the same line. The concentrations 
all agree perfectly and the ratio of the keys is 1.00 
which is exactly that of the optimum feed tray so the 
column design is exact. In actual practice a perfect 
match such as this would not be necessary and, if 
all the concentrations agreed within 1 percent, the 
solution would be sufficiently accurate. If the ratio 
of the keys in one section was the optimum but the 
other section did not agree with it more or less trays 
would have to be added to the other section of the 
column and the following general rule may be em- 
ployed. In the fractionating section the ratio of light 
to heavy key decreases with number of trays and the 
same ratio in the stripping section increases with the 
number of trays. It is possible to match all the com- 
ponent at almost any point in the column but unless 
the ratio of the keys in the match is nearly equal to 
the calculated optimum ratio, the calculations should 
be repeated. With practice these calculations can be 
made very rapidly and an entirely exact design of a 
column can be made which would require a much 
larger amount of time by the tray-to-tray method of 
calculations. 

It should be noted that with the feed introduced 
on the tray, 7.95 below the top, 6.95 fractionating 
trays are required and 7.55 stripping trays, The pre- 
vious tray-to-tray calculations gave 7.0 fractionating 
trays and 7.3 stripping trays and the discrepancy 1s 
probably due ‘to a slight cumulative error in the 
tray-to-tray calculations. The trays calculated by 
Underwood’s equation should be more exact because 
slide rule errors are involved only in a single equa- 
tion, even though this is a relatively complicated 
equation. The situation is analogous to raising a num- 
ber to the tenth power by multiplying it ten times 
on a slide rule as compared to obtaining the answer 
from a single equation. Thus, the equations of Un- 
derwood can give a simpler and more precise answer 
than the previous tray-to-tray calculations, 

By calculating the previously undetermined terms 
in the Tables 1 and 2, it can be found that in the 
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fractionating section A, = .0040 x .00687 = .0000275 
and _ = 36300 and Gp,=.000024. Thus, ¢,—= 
499988 and xpp = .000037. By using these values to 
repeat the previous calculations in Table 1, no effect 
will be observed on the calculations. If such an effect 
were noticeable, it would be necessary to adjust the 
calculations accordingly. Such adjustment is unusual 
and would always be small so that it would never 
have to be repeated more than once to obtain a more 
accurate set of figures. 

Similarly for the stripping section it will be found 
that A, = .0000125, Ga, = .0000084, ¢, — 4.000034 and 
x’4n == .000021 and consequently they will have no 
effect on the calculations in Table 2, The calculations 
also give an evaluation of the concentrations of all the 
components in the overhead and in the bottoms al- 
though it is apparent that the quantity is negligible 
and would not affect the overall material balance. 

Underwood?" ** has also derived a method for de- 
termining the minimum reflux ratio which works out 
very easily by the use of G vs ¢ chart (Figure 2). 
The basic equation is 


where the summation refers to all components in the 
feed and q is the fraction of the feed which is liquid 
or, in terms of enthalpy, it is the heat required to 
vaporize the feed completely divided by the latent 
heat of the feed. For a total liquid feed at the feed 
tray temperature q —1 and for a total vapor feed at 
the feed tray temperature q= 0. 

The values of G for the solution of ¢ between the 
relative volatilities of the key components are substi- 
tuted in equation (lla) to give the minimum reflux 


ratio 
G 


This calculation is given in Table 4 in which the 
three trials required to evaluate ¢ are shown. The 
exact minimum reflux requires that the value of ¢ 


(23) 


(lla) 


, Xr. 
be determined carefully because the sum of = is com- 


posed of terms of opposite signs and varies to a much 
less degree than all the positive terms. The sum of 
= consists primarily of the positive terms and also 
since the reflux ratio is finally determined by sub- 
tracting unity from the sum, the minimum reflux 
ratio is very sensitive to the value of ¢. However by 
careful calculations the minimum reflux ratio’can be 
evaluated with a higher degree of accuracy than 
previous methods, The calculated minimum reflux 
ratio is .885 and this is in agreement with that previ- 
ously determined by tray-to-tray calculations in 
which .89 was found to give a satisfactory match 
although the calculated minimum reflux ratio is more 
accurate and will probably give a better match of the 
component at the feed tray. The reflux ratio calcu- 
lated by equation (3) was .912 and, while this is 
somewhat easier to use, especially when the binary 
equilibrium curve of the keys is available, the more 
exact value given by Underwood’s equation com- 
pletely justifies the extra work required to determine 
it. It should be noted that part of the work in apply- 
ing equation (3); namely, the determination of x, is 
essential for the use of equation (7) in locating the 
optimum feed tray. Thus equation (3) can be used 
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Calculation of Minimum Reflux by Underwood's Method 


TABLE 4 


























TRIAL I TRIAL I TRIAL Il 
o=15 $=1.25 o=1,257 
Xs f Xe Xp 
G —_ — G — Ip —_— 
X. «@ G G G G 
A 230 4 625 48 -687 437 -686 438 -60 875 
> a § 25 80 375 534 372 * .538 39 1.049 
C 2 1 —5 —40| —.250 —.80| —.257 —.778 01 —.039 
le par —20 —15 | —15 —.20 | —1.514 —.198 
+.73 —.029 000 1.885 





Minimum Reflux Ratio = .885 


as a rapid check of the calculations because the both 
methods should give fairly good agreement. 

It is also interesting to note that when the pseudo 
reflux ratio is calculated from equation (6) using the 
exact minimum ratio, it gives an agreement of about 
5 percent between the trays required by the McCabe- 
Thiele method at this reflux ratio as compared to the 
trays calculated by the method of Underwood which 
is considered more accurate than the actual tray-to- 
tray calculations. 


C) Application to Other Systems 


In the present method two basic assumptions are 
made which are used in most previous approaches to 
the solution of multicomponent distillation problems. 
The first assumption is that of constant relative vola- 
tility and the second is that of constant molal down- 
flow or in other words constant’L/V ratio in the frac- 
tionating section and in. the stripping section of the 
column. 

For the case of varying relative volatility it is pos- 
sible to use an average value at the temperature of 
the feed plate. It is difficult to predict this tempera- 
ture in advance however, the temperature of the feed 
plate based on the vapor liquid equilibria data of the 
keys and the pseudo reflux ratio is readily determined 
and can be used satisfactorily in the present method.” 
This procedure is most accurate in the minimum 
reflux ratio calculation because under this condition . 
the region close to the feed establishes the minimum 
reflux ratio even though the relative volatilities vary 
above and below the feed. 

In general with mixtures of hydrocarbons the rela- 
tive volatility increases at lower temperatures and 
consequently the use of the average value in the 
equations of Underwood would give a slightly larger 
number of trays above the feed and a slightly smaller 
number of trays below the feed than actually re- 
quired. Thus the total number will be substantially 
correct but the feed plate location will be somewhat 
lower than required. A more accurate calculation 
would be obtained by using a different average rela- 
tive volatility for the fractionating and stripping sec- 
tions in these equations. 

However, the errors introduced by the use of aver- 
age relative volatilities for systems of hydrocarbons 
are usually negligible compared to the errors intro- 
duced by the assumption of constant molal downflow 
in the two sections of the column. The completely 
rigorous method of tray to tray calculations involv- 
ing heat balances on every tray to establish the vapor 
and liquid quantities on each tray was described by 
Sorel.”? Establishing heat balances on each tray is a 
time consuming operation however recently charts 
have been developed which greatly simplify this 
work. 15, 16 
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The present method for determining the number 
of trays in a column could be reliably used for these 
systems by calculating the reboiler duty from a heat 
balance below the feed tray at the operating reflux 
ratio or by calculating the condenser duty by a heat 
balance above the feed tray. In either case the other 
one of these duties would be obtained from the over- 
all heat balance on the column. By establishing con- 
ditions at the feed tray in this manner it is possible 
to insure the operability of the column because the 
tendency to pinch out and prevent the desired sepa- 
ration from being achieved is greatest at this point. 
When the feed tray corditions are properly estab- 
lished the variation of the L/V ratio above and below 
the feed produces a curved operating line which 
affects only the total number of trays required but 
will not make the separation impossible. 

Considerable difficulty is usually encountered with 
these calculations due to the condition of the feed 
because a totally liquid feed will be much below the 
feed tray temperature and a totally vapor feed will 
be much above the feed tray temperature and may 
even be above the temperature of the bottom of the 
column in the case of a large amount of material 
heavier than the keys. A partially vaporized feed is 
between these limits and the liquid can act as either 
a sub-cooled or super-heated feed producing either 
less or more vapor in the column. Also the flash 
vapor composition bears no relation to the feed tray 
vapor as in the case of a binary system. Thus consid- 
ering the equilibrium flash of the feed produces a 
single set of conditions at the feed tray which is in- 
consistent with all other conditions in the column 
and the simplest way to handle it, is to consider the 
feed as a liquid which enters the column with an ad- 
ditional amount of heat to vaporize a certain amount 
of the liquid in the column instead of outside the 
column. Thus this additional vapor which is produced 
by the heat content of feed will be of the same com- 
position of the feed plate vapor and a completely con- 
sistent set of conditions will be calculated in the 
tower. In theory this would amount to introducing 
the vapor so it passes through the feed tray liquid 
instead of directly to tray above the feed as it usually 
does in practice. This assumption will produce no 
significant errors in the calculation and will prevent 
the false impressions gained by considering the flash 
of the feed because the actual effect of the feed on 
the operation of the column bears no relation to this 
equilibrium flash of the feed. The design of the col- 
umn is dependent solely on the actually enthalpy of 
the feed and a preliminary heat balance should be 
made to estimate its effect on the relative quantities 
of vapor and liquid in the column when there is con- 
siderable doubt about it. However its effect will be 
accurately evaluated in the final calculations so it is 
not essential to evaluate it exactly at the start. 

When the feed plate composition has been estab- 
lished by the present method it is possible to carry 
out one set of complete tray-to-tray calculations by 
the Sorel method to determine the exact number of 
trays required above and below the feed when heat 
balances are considered. This is a great improvement 
over the previous methods in which the trial and 
error procedure of matching the components at the 
feed tray is further complicated by the heat balances 
at the feed tray. Also in this case a single final set of 
tray-calculations and heat balances would be required 
which could also take into account the varying rela- 
tive volatility in the column, This would be the most 
reliable design that could be calculated. 
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If this final complete set of calculations did not 
give the desired number of trays as; for example, 
when a new feed stock is to be processed in existing 
equipment or in an existing design which is to handle 
more than one feed, it is possible to extend the prin- 
ciples applied by Jenny and Cicalese® to the McCabe- 
Thiele method” to include the Ponchon’ 7? method. 
The method of Jenny and Cicalese consists of lump- 
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ing all the components lighter than the light key with 
this component and all the components heavier than 
the heavy key with this component to obtain a two- 
component mixture which can be handled on the 
McCabe-Thiele diagram. The method requires one 
complete set of tray to tray calculations so the equi- 
librium curve can be determined and the trays re- 
quired at other reflux ratios are stepped off graphi- 
cally. The method is not exact because the equilibrium 
curve determined in this manner actually varies with 
the reflux ratio and it is most reliable for small 
changes in the reflux ratio. If the preliminary design 
was close and it should have been within 15 percent 
if any of the approximation methods were used, a 
revised design by this method to give the desired 
number of trays should be completely sound. 


The previous method is based on constant molal 
downflow and subject to all the limitations of this 
assumption. However, if a Ponchon diagram is con- 
structed from a set of heat balances and based on the 
previous definition of composition in terms of a 
binary system it is possible to locate a new operating 
point at a different reflux ratio and carry out the 
graphical step wise calculations based on the com- 
bined Ponchon diagram and the equilibrium curve. 
Figure 3 shows a Ponchon diagram constructed from 
aset of tray calculations and heat balances on a debu- 
tanizer. These were made using the K-value and 
enthalpy charts previously mentioned.** The calcula- 
tions were made for the stripping section and the 
feed was introduced on the eighth tray above the 
bottom. According to the previous criterion the opti- 
mum feed tray was between the eighth and the ninth 
tray above the bottom, It can be seen that the opti- 
mum feed tray is several trays above that located by 
the usual method on the Ponchon diagram. This is 
common to all cases with a very large percentage of 
components heavier than the keys and has been dis- 
cussed in a previous paper.** 

It is also interesting to note that the enthalpy of 
the liquid is such that it will produce more than its 
own number of moles of vapor in the column even 
though the equilibrium flash on the feed gives less 
than 50 percent vapor. The enthalpy curves for the 
fractionating and stripping sections are discontinuous 
and at different reflux ratios the graphical tray cal- 
culations should be started close to the original feed 
tray to minimize extrapolation of these curves. Also 
the actual calculations and the graphical calculations 
at different reflux ratios should be started at the top 
and bottom so that the fractional number of trays 
can be estimated more reliably in the middle parts of 
the fractionating and stripping sections in which the 
variations are more uniform. It is apparent that esti- 
mation of fractional trays at the bottom is difficult 
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because of the peculiar shape of the enthalpy curves 


and the same effect is present in the fractionating 
section when a large concentration of components 
lighter than the keys is involved. 

The calculations shown were carried out for an 
external reflux ratio of 3:1 and thus the ratio of the 
length of line OQ to line QS is 3. The focal points 
for other reflux ratios could be located accordingly. 
Also the line from O through F locates the focal 
point for the stripping section at the bottom concen- 
tration. The equilibrium curve proposed by Jenny ' 
and Cicalese is given in the lower section of the figure 
to facilitate the location of the vapor and liquid con- 
centrations which are in equilibrium. This is a gen- 
erally recommended procedure for applying the Pon- 
chon method” because it simplifies the construction. 

The Ponchon diagram can also be constructed 
using enthalpy values in Btu / lb. but in this case the 
concentrations must be in weight fractions and this 
compresses the stripping section into a much smaller 
range of concentrations and thus requires an addi- 
tional enlargement of the diagram in this region for 
accurate graphical calculations. 

The over-all accuracy of the graphical method is 
of course dependent upon the scale used and its inher- 
ent accuracy is about the same as that of Jenny and 
Cicalese which neglects heat balances on the column. 

It is based on the essentially same assumption; 
namely that the equilibrium curve does not change 
with reflux ratio and in this particular case that the 
enthalpy curves do not change with reflux ratio, The 
method is most reliable at reflux ratios close to that 
upon which the equilibrium enthalpy curves were 
based but if the preliminary reflux ratio were chosen 
as previously described the final reflux ratio will not 
be sufficiently different to introduce any appreciable 
errors by the graphical procedure. 
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. THE study of a distillation system there are three principal 
types of variables as follows: 

1) The separations obtained between the components in the 
overhead and bottoms product streams. 

2) The heat effects of the condenser, reboiler, and feed pre- 
heater, and the resultant amounts of the countercurrent liquid and 
vapor streams. 

3) The numbers of vapor-liquid contacts or “plates” above and 
below the feed inlet. 

The plate ordinarily used in the calculations is the “equilibrium” 
or “theoretical” plate for which the leaving liquid and vapor 
streams are considered to be in equilibrium. Numbers of actual and 
theoretical plates are connected by simple ratios, or “plate effi- 
ciencies,” based on experience. 

In the commercial practice of distillation the usual object is the 
simple making of money. It would seem, then, that a study of the 
comparative importance of the above listed variables could be 
based on economic considerations. A gasoline stabilizer might be 
considered to be a typical distillation installation. For one such 
unit, and for the particular system of accounting used, the total 
cost of the stabilizing operation for one year was about $65,000. 
The cost of the reboiler heat and condenser cooling for one year for 
the unit was about $17,000, and this includes the cost of maintain- 
ing the heat transfer equipment. The original cost of the 24-tray 
column installed was about $9000, and the combined maintenance 
and depreciation for one year averages $1000. It can be estimated 
that the cost of one tray and the section of tower it occupies is 
about $35 per year. 

The separation of the butanes and lighter, the reason for the 
distillation, is certainly the most important of the variables and is 
worth more than the $65,000 total cost for the operation. And on 


R ECENTLY a general method for the determina- 


tion of economic optimums was presented by the 
writer? and was applied to the operating conditions 
of plants already in existence. The same mathemati- 
cal system can be used for the first design of a plant, 
and is here applied to the design of a distillation 
operation. The nomenclature used is as follows: 


a, b,c... e—Design variables measured as units 
A, B,C... E—Cost or value in dollars per time of an in- 
cremental unit of the corresponding design variable. 


These cost terms are positive for product values and 
other plant gains, and are negative for necessary costs 
such as reboiler heat. 


At the optimum design these terms are connected 
by the following relations (see Reference 2). 


A ys + B=0 (lab) 
‘A (@a/0c)e...° Cc=0 (lac) 
B (@b/@e).,¢... +# E=0 (Ibe) 


etc. for any other combination of two variables. 
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the basis of yearly cost the heat and cooling requirements necessary 
to obtain these separations are easily second in importance 
($17,000). The number of plates variable is seen to be a very poor 
third in cost per year. And yet a major concern of writers of distilla- 
tion theory has been to determine the numbers of plates required 
for an operation when the separations and heat duties are fixed. 
Some of the methods presented are of astonishing complexity, and 
the answers obtained are expressed in fractions of a plate. 

The basic economic unreality of the number of plates approach 
to distillation design has led to a general discrediting of the more 
involved plate-to-plate methods and a demand by “practical” 
engineers for a more fundamental design procedure. One rule that 
has been applied is: The economic number of plates for a separa- 
tion is twice the minimum number as calculated with Fenske’s 
equation’. However rough and incomplete this rule is it is more 
likely to lead to a more economic design than the chance of arbi- 
trarily selecting a “reasonable” reflux and elaborately calculating 
the resultant required number of plates. 

It is true that it can be difficult or impossible to obtain a de- 
sired separation without sufficient plates. But also it would be 
impossible to obtain the separation without a reflux pump. And yet 
the existence of a reflux pump is not considered to be a distillation 
variable. It is the cost of insuring that a facility is present rather 
than the consequences of its not being present that determines its 
comparative importance in an economic analysis. The number of 
plates should be “adequate” and some means of determining such 
a number should be available. Similarly the tower should have 
sufficient cross-sectional area, and methods for finding this area 
have been given*. Both the number of plates and the tower diameter 
Gre construction features, and the accuracy of their determination 
would seem to be of about equal importance economically. 











For a system of n design variables only n-| of these 
equations can be considered to be independent. The 
remaining relation necessary to solve for the n un- 
knowns is the inter-relations of the design variables. 

In the use of these equations to solve for a given 
optimum design two types of data are required. First, 
the complete inter-relations of the design variables 
for the conditions given must be known, together 
with the resultant values of the partial terms 


(@a/0b) c¢-.-e, etc. Second, the values or costs in dollars 


of additional units of the design variables—values of 
A, B, C vee E—must be known, either as constants or 
as functions of a, b,c...e. It will be noted that these 


cost terms are for incremental units of the design 


variables and are not averaged values of total cost 


divided by. total number of units. 


In general the solution of a given system of data 
for an optimum design with these relations is simple 
and direct, although occasionally trial and error 
methods are required. A typical procedure is given 
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in the simplified example that 
follows. 

A chemical by-product is 
obtained at a constant rate as 
, 28 mol percent solution in 
water. It is desired to recover 
this by-product, at a purity cor- 
responding to 99.2 mol percent, 
as the overhead of a distillation 
column, One percent recovery of 
this chemical for one day’s ope- 
ration is worth $4.20. Sufficient 
heat pickup is available to bring 
this feed to the boiling point. The 
relative volatility for dilute water 
in chemical (top of column) is 
158, and for dilute chemical in 
water (bottom of column) is 1.75. 

The cost of one additional MM 
(million) Btu. of reboiler heat to 
the column is $0.31. This figure 
includes the cost of the heat it- 
self, the cost of the condenser 
cooling to remove the heat, and 
the cost of the additional reboiler 
and condenser surfaces. It does 
not include the cost of the addi- 
tional plate area required to 
‘handle the vapor. 

For the completely installed 
column the cost of one additional 
plate together with the section of 
tower it occupies is estimated to 
be $96 plus $44 per square foot 
of area. With 18 inch plate spacing 
one square foot of plate area will 
handle a vapor load correspond- 
| ing to 20 MM Btu. of reboiler 
heat per day. The plate efficiency 
for these conditions is taken at 
90 percent. It is estimated that 
the combined depreciation and 
maintenance for the column for 
one year (300 operating days) 
will be one fifth of the installed 
cost. 

It is desired to obtain the most 
economic design for this distil- 
lation operation. 

The variables used in the solution for this optimum 
are defined as follows: 


a— Recovery of chemical in percent of the total. 
b— Reboiler heat duty in MM Btu. per day. 
c— Number of equilibrium plates in the tower. 


The inter-relations between these variables as calcu- 
lated for the given conditions are shown on Figure 1. 
The product recovery is plotted vs. the reboiler heat 
input for towers of various numbers of plates (a vs. 
b at constant c). These curves were obtained by a 
trial and error arrangement using McCabe-Thiele® 
diagrams. A single point on this graph represents the 
optimum design. 

The first step in determining this optimum is to 
express the costs of additional units of these varia- 
bles (values of A, B and C) on the basis of dollars 
per operating day. For the product recovery variable 
the value given for one additional percent for one 
day is 

A= 4.20 


For the reboiler heat variable the cost per day for 
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As hydrocerbon processing plants become more complex and a wider variety of end products are 

manufactured, the problems of plant economics, basically simple in nature, become increasingly 

difficult through the greater number of variables that must be considered. Optimum efficiencies 

can be more readily achieved when efforts at plant improvement are expended for each of these 
many variables in proportion to its importance in setting overall profits. 


one MM Btu. is 0.31 plus the cost of the additional 
plate area required. From the data given the cost of 
this area (1/20 of a square foot) for an equilibrium 


plate is 
(44.0/20)/(5 X 300 X 0.9) = $0.00163 per day 


where (44.0/20) is the first cost of the area, 5 is the 
fraction of this cost per year, 300 is the operating 
days per year, and 0.9 is the plate efficiency. Then 
for a tower of c plates this cost becomes 0.00163c 
so that 
B = 0.31 + 0.00163c 

For the number of plates variable the total area re- 
quired per plate is b/20 square feet so that the origi- 
nal cost of one additional plate is 96.0 + 44.0(b/20). 
Then the cost per day of an equilibrium plate becomes 


— 96.04 44.0 (b/20) 997 163 
C 55306 G5 0.071 +-0.00168 


With these values equation (lab) is substituted in 
to give 


4.20 (@a/0b). — (0.31 + 0.00163c) = 0 (lab) 


{186} 107 
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FIGURE 1—Recovery of product in percent 
vs. reboiler heat duty in MM Btu. per day for 
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towers with given numbers of equilibrium plates 
(a vs. b at constant c). 


Dashed line—Values that satisfy Equation 
lab. See text. 
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where, of course, (@a/ab). is the slope of the curves 
of Figure 1. If c = 50 is substituted in this equation 
(2a/db) «== 0.093 is obtained. The point on the 50 
plate curve that has this slope is located and marked. 
Similar points are obtained for the curves for other 
»numbers of plates and are connected to give the 
‘heavy dashed line of Figure 1. These values satisfy 
équation (lab) so that the optimum design lies some- 
where on this curve. 

The next step is to cross plot the data of Figure 1 
as percent recovery vs. number of plates for constant 
amounts of reboiler heat (a vs. c at constant b) as 
shown in Figure 2. Equation (lac) is substituted in 
to give 


4.20 (@a/0c)» — (0.071 +- 0.00163b) = 0 (lac) 


in which (@a/éb) » is the slope of the curves of Figure 
2. If b==180 is substituted in this equation then 
(8a/@b) » == 0.087 is obtained. The point at which the 
b == 180 curve has this slope is located and marked. 
Similar points are obtained for the curves for other 
amounts of reboiler heat, and these are connected to 
give the heavy dot-dash line of Figure 2. Values from 
this curve satisfy Equation lac and so the optimum 
design lies somewhere along this line. 

Values from the dashed line of Figure 1 are cross 
plotted to give the dash line of Figure 2. Obviously 
the point at which the dot-dash and dashed lines 
cross satisfies both equations (lab) and (lac), and so 
gives the desired optimum. The values a= 99.4 and 
c==55 are read from this point, and these values 
plotted back on Figure 1 (marked by cross) give 
b= 173.5. Then as the final economic design the 
tower should have 55 equilibrium plates and the re- 
boiler heat load should be 173.5 MM Btu. per day. 
The resultant recovery of the chemical is 99.4 percent. 
The tower would have 55/0.9 = 61 actual plates with 
a vapor area of 173.5/20= 8.7 square feet minimum. 
This design would give the maximum profit for the 
operation. 


Loss from Errors for Example 


At the beginning of this paper the distillation va- 
riables were compared on the basis of total cost per 
year. But in design work a better measure of their 
comparative importance would seem to be the cost 
of errors in the determination of their optimum val- 
ues. Thus for the distillation of the example 45 equi- 
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librium plates might have been used instead of the 
optimum 55. The cost per day of the plates would be 
decreased, but this would be more than offset by the 
increases in the costs of the reboiler heat and of the 
product loss so.that a net loss as compared with the 
optimum would result. The actual values for this 
loss can be calculated as follows: 

On Figure 1 the optimum operation for a tower of 
45 plates is the point at which the heavy dashed line 
crosses the 45-plate line, and the values a= 98.52 
and b= 179.4 can be read for this point. Then the 
value of the product lost as compared with the opti- 
mum is (99.40-98.52) 4.20 $3.70 per operating 
day. Also the cost of the additional reboiler heat is 
(179.4-173.5) 0.31 == $1.83 per day. With the ex- 
pression C= 0.071 + 0.00163b the decrease in plate 
cost can be determined as (55 0.354)-(45  0.363= 
$3.15 per day. Then the net loss for a 45-plate column 
as compared with a 55-plate column is 3.70 + 1.83- 
3.15 == $2.38 per operating day. This and other values 
obtained in a similar manner are given in the follow- 
ing table. 

















TABLE 1 
Loss from Error in Number of Plates 
Number of Plates | 40 | 45 50 55 60 
Percent from Optimum |—27.3 | 18.2 9.1 0 +9.1 
Decrease in Return (dollars per operating } 
day) 6.34 | 2.38 0.68 0 | 0.46 











Corresponding daily losses resulting from amounts 
of reboiler heat other than the optimum can be cal- 
culated similarly. The optimum operation at the heat 
duty used is read from the dot-dash curve of Figure 
2. The losses per day obtained are as follows: 




















: TABLE 2 
Loss from Error in Reboiler Heat Duty 
Reboiler Heat Duty (MMBtu. per day). . 160 | 168 173.5 180 190 
Percent from Optimum oushieee —7.8 —3.2 0 +3.75 | +9.5 
in Return (dollars per operating | pe 
day)... 10.20 0.95 | 0 1.13 | 3.75 











The high loss for the 160. MM. Btu. operation is due 
to the decreased recovery of product, and an infinite 
number of plates would change this but little (see 
Figure 1). 

It is evident from the values of Tables 1 and 2 that 
the same percent of error is much more important 
for the reboiler heat duty than for the number ot! 
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FIGURE 2—Recovery of product in percent vs. 
number of equilibrium plates for various 
amounts of reboiler heat duty in MM Btu. per 
day. (a vs. ¢ at constant b.) Cross plot of Fig- 








ure |. 


Dot-dash line—Values that satisfy Equation 
lab. See text. 
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Dashed line—Values that satisfy Equation 94 
lab. Cross-plot from Figure 1. 
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plates. Thus the effect of a 5 percent error in the 
numbers of plates can be determined by plotting the 
values of Table 1 (and others) as percent error vs. 
loss per operating day. For an error of —5 percent 
(55x 0.95 plates) the loss is read from this curve as 
$0.25 per operating day, and for an error of +5 per- 
cent (55x 1.05 plates) the loss is read as $0.18 per 
operating day. 

The corresponding losses from. 5 percent errors in 
the reboiler heat duty are found by plotting the val- 
ues of Table 2 (and others) also as percent error vs. 
loss per operating day. For an error of -—5 percent 
(173.5 x 0.95 MM Btu.) the loss is read from this 
curve as $3.95 per day, and for an error of +-5 percent 
(173.5 x 1.05 MM Btu.) the loss is $1.70 per day. 
Evidently for 5 percent errors the losses for the re- 
boiler heat duty are about 10 times as great as for 
the number of plates. It is believed that the condi- 
tions and costs given for this example are weighed 
in favor of rather than against the importance of the 
number of plates variable. 

It is seen that for the particular conditions given 
any number of plates from 45 to 60 or more can be 
used without too serious consequences. On the other 
hand the tower heat duties are important and need 
to be designed and controlled closely. The tower 
operation should be carefully “balanced” so that the 
maximum separations are obtained for the heat 
duties used. 

Discussion 


A point of importance in design calculations of the 
type given here is that the data used should be based 
on most probable values and should not include over- 
sizes to make the design “safe.” An accumulation of 
factors of safety makes the calculated optimums 
meaningless, Thus in the example, if tray sizes larger 
and more expensive than necessary had been included 
in the data then fewer trays would have been calcu- 
lated for the final design, and the optimum would 
have been missed. Once the optimum design has been 
determined for the most probable operation, over- 
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sizes for safety and flexibility can be added as judged 
necessary. 

A value that is frequently difficult to estimate is 
the cost_per operating day of equipment such as a 
distillation.column. This value includes both\inain- 
tenance and depreciation on the first cost. Many com- 
panies require a certain “pay-out” period for new 
construction, and also depreciate the first cost of the 
plant over a standard number of years for tax pur- 
poses. Neither of these bookkeeping terms has any 
connection with the actual corrosion or obsolescence 
that determines the life of the equipment. As stated — 
above the designer must select a most probable life 
for the operation based on his own judgment of the 
factors involved. 

“From the high ratios of product value and of heat 
cost to plate cost it can be concluded that most towers 
should have comparatively large numbers of plates, 
so that the operation approaches that for a tower of 
infinite plates. Thus for the example given the op- 
timum reboiler heat duty was only 3.3 percent more 
than would have been required for a complete’ re- 
covery of the product at infinite plates. This can be 
compared with the rule sometimes used that the 
heat duties should be 20 percent more than the mini- 
mum for the given separation, the so-called “mini- 
mum reflux.” 

The most, important decisions made in distillation 
design are the separations to be obtained, and these 
values are frequently arbitrarily set. With the addi- 
tional relations between the variables given by the 
mathematical system described, the number of such 
arbitrary decisions, with their attendant probable 
error, can be reduced to a minimum. It is believed 
that an amount of judgment organized along the 
lines described will more probably lead to a more 
economic design than the same amount of judgment 


unorganized. 
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Some Aspects of the Industrial 
Oxidation of Lower Aliphatic 


Hydrocarbons 


JOSEPH E. BLUDWORTH 
Petroleum and Chemical Consultant, Corpus Christi, Texas 


5 oxidation of hydrocarbons derived from nat- 
ural gas forms an important basis for many industrial 
reactions. Among the more important chemicals de- 
rived from the direct oxidation of gaseous hydrocar- 
bons are acetaldehyde, formaldehyde, propionalde- 
hyde, methanol, ethanol, propanol, acetone and acetic 
acid. The industrial importance of direct oxidation is 
borne out by the fact that Cities Service Oil Com- 
pany at Tallant, Okla., produces substantial amounts 
of methanol, formaldehyde and acetaldehyde from the 
direct oxidation of methane, ethane and propane.’ 
Also, Celanese Corporation of America has built a 
$20 million plant for the partial oxidation of 15 billion 
cubic feet per year of natural gas.” 

The vast quantities of hydrocarbons available in 
crude petroleum and in natural gas offer a source of 
materials for organic synthesis at relatively low cost. 
Such possibilities, inherent in oxidation which might 
convert hydrocarbons to oxygen-bearing substances 
of commercial value, make the study of such opera- 
tions of importance. As an example of the possibilities 
in this field, Egloff and Schaad* in 1929 calculated 
from the amounts of the various paraffin hydrocar- 
bons in commercial fuel gases that two trillion cubic 
feet per year of methane, ethane, propane and butane 
are available for conversion into oxidation products. 
It has been estimated that, if this oxidation could 
have been carried through to the production of alco- 
hols, it would have resulted in the theoretical produc- 
tion of some 30 billion gallons of methyl, ethyl, 
propyl and butyl alcohols. If, in 1929, the importance 
of these reactions was seriously being considered, the 
situation today is three or four times as great. The 
natural gas reserves in the United States have now 
increased to the point that they are approximately 
160 trillion cubic feet, almost 400 percent more than 
the amount available in 1930, While the value of bu- 
tane and propane has increased to the point where 
these gases are no longer considered low cost raw 
materials for oxidation, natural gas still represents 
the greatest raw material reserve for the synthesis 
of oxygenated compounds. 


Possibilities Not New 


The theoretical possibilities of oxidizing hydrocar- 
bons to valuable products have probably existed 
since the chemical structure of natural gases was 
understood. One of the most important milestones in 
the development of direct oxidation of hydrocarbons 
stems from the patents of Glock in 1898-1899.* From 
that time to the present time, it has been claimed 
that many compounds, such as ethylene oxide, acetal- 
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dehyde, formaldehyde, propionaldehyde, propanol, 
butanol, ethanol, methanol, methy ethyl ketone, ace- 
tone, acetic acid, formic acid and many others, have 
been made by the oxidation of hydrocarbons. 

The mild oxidation of aliphatic hydrocarbons 
yields, as principal products, methanol, formalde- 
hyde, acetaldehyde and acetone, as well as smaller 
quantities of acids, higher alcohols and aldehydes. 
The amounts of each of these oxygenated products 
vary as to the type of hydrocarbon used, as well as 
the operating conditions employed for oxidation. 
Table 1 lists the principal oxygenated products of 
the lower aliphatic hydrocarbons in their order of de- 
creasing yields. 


TABLE 1 











Oxygenated Products* 


Hydrocarbon In Order of Decreasing Yields 
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* Key to Table No. 1 1—Acetaldehyde 


2—Methanol 
3—Formaldehyde 
4—Acetone 


When it is considered that the vapor phase oxida- 
tion of hydrocarbons can (at least theoretically) pro- 
duce any of the various intermediates before reaching 
the ultimate end products, carbon dioxide and water, 
it is not surprising that various investigators have 
claimed the production of one or more of these chemi- 
cals from hydrocarbon oxidation. However, instead 
of many possible products being a stimulant to the 
commercial production of oxygenated compounds, it 
has actually resulted in the hindering of the commer- 
cial progress. What we might term “incidental” ex- 
ploration of the reaction has too often led to inter- 
pretations completely foreign to the best practices 
necessarily employed for producing desired end prod- 
utcs. This is probably best illustrated by the evident 
analogy in the procedures employed, For example, 
the usual means of oxidizing methane is by using a 
so-called oxidation catalyst, the most commonly em- 
ployed being copper or copper-bearing compounds. 
While copper may be a fairly good catalyst for ef- 
fecting the oxidation of methanol to formaldehyde, 
the assumption that it will be superior for methane 
oxidation is not based on a clear understanding of 
the kinetics of the reaction nor the stability of the 
products resulting from oxidation. 

In not all instances has the study of catalysts been 
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the only source of misinterpretation. In many in- 
stances, investigators have elaborated upon results 
derived through long periods of heating and exposing 
reactants and products to severe operating conditions. 
In terms of industrial oxidation these results mean 
nothing. It is apparent that such approaches could 
lead only to low yields of desired products and would 
promote the formation of end products, carbon 
oxides and water. Other products obtained by such 
means would be characterized by extreme stability or 
would be equilibrium products. The most desired 
products obtained commercially are not characterized 
by either of the above properties. 


First Commercial. Unit 

Probably, as a result of the above mentioned rea- 
soning, the commercial aspects of the direct oxidation 
of the lower aliphatic hydrocarbons have languished. 
In the years from 1898 to about 1925 there seems to 
be little to indicate much progress from the commer- 
cial point of view. Actually, in 1925, only 1/10 of one 
percent of the synthetic aliphatic organic chemicals 
produced in the United States were derived from 
petroleum, Investigators and their results seem to 
have played only a small part in the development of 
the first commercial hydrocarbon oxidation unit. This 
was built by Cities Service Oil Company at Tallant, 
Okla., in 1926 and was an outgrowth of attempts to 
render corrosive oxygen-bearing natural gases non- 
corrosive. This plant was an important step forward 
in the commercial oxidation of hydrocarbons.**® 


Cities Service Oil Company has been the pioneer in the 
direct oxidation of the lower paraffin hydrocarbons to valu- 
able oxygenated chemicals. J. C. Walker, one of the authors 
of this paper, and his associates discovered in 1925 that the 
corrosion of pipe lines caused by gas containing free oxygen 
could be minimized by bringing the gas to the necessary 
temperature and pressure to permit the oxygen present to 
be completely used up by reacting with the hydrocarbons. 
The formation of liquid oxygenated chemicals accompanied 
this reaction. The first commercial plant using an oxidation 
process of this type was constructed at Tallant, Oklahoma, 
in 1926. This plant has been expanded and three additional 
oxidation plants have been built." 


Direct partial oxidation of hydrocarbons can be 








Engineer's Drawing of the $15 million McCarthy Chemical Company Plant Now Under Construction at Winnie, Texas. 


carried out with or without a catalyst by heating air 
in admixture with an excess of hydrocarbons to a 
temperature where the oxygen is consumed. 

The operation of the Celanese Corporation oxida- 
tion plant at Bishop, Texas, as can be seen from the 
patent literature, makes a great forward step in con- 
trol of the oxidation reaction by using various agents 
for this purpose. Some of these agents for controlling 
reactions are diluting steam, nitrogen and other such 
inert gaseous materials. 

While the claims of the Cities Service Company’s 
patents deal with the oxidation of methane, ethane, 
propane and butane, Celanese Corporation’s claims 
are largely based on higher hydrocarbons than me- 
thane. 

The importance of this industry can best be il- 
lustrated by the fact that Celanese Corporation at 
the present time is one of the largest producers of 
methanol and formaldehyde as reference to news- 
paper statements will bear out. Also, it might be 
pointed out that in 1945 the production of organic 
aliphatic chemicals from petroleum has increased to 
50 percent, whereas in 1925 it was only one-tenth of 
one percent. 


Array of Catalysts 


Numerous patents have been issued claiming yields 
of oxygenated chemicals from hydrocarbons by the 
above procedure in some modified form. Most of the 
processes are very similar, yet employing various 
hydrocarbons in admixture with air which are gen- 
erally passed over a catalyst bed. Among the cata- 
lysts which have been used are iron, nickel, copper, 
silver, gold, platinum, palladium, vanadium, chrom- 
ium, molybdenum, manganese, their oxides, mixtures 
of their oxides, mixtures of the oxides and metals, 
aluminum sulfate and alkyl ethers. This list is not 
intended to be complete, but only to show that quite 
a formidable array of catalysts have been suggested. 

From the experimental results obtained, it would 
seem that the first investigators of the oxidation of 
hydrocarbons were probably more familiar with the 
normal procedure for petroleum processing for the 
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production of gasoline than for the production of 
heat sensitive organic compounds. As might be ex- 
pected, some of the same techniques were used in 
the oxidation that were used in the art of cracking. 
Up until recent years the art of cracking depended 
primarily upon sufficient control of time and tem- 
perature in order that a product might be derived 
which would fall in a predetermined wide boiling 
range. It is quite true that the cracking processes, so 
developed, produced this broad boiling range product 
with the least amount of loss to fixed gases and car- 
bon. Actually, it has not been until recently that 
extremely close control of the cracking reaction has 
been required. This exacting attention to heat rise at 
the point of instability of the cracking feed stock was 
brought about by catalytic cracking. Any unusual 
temperature rises would result in short cycles of 
operation and increased cost of processing. 

With the latest processes for catalytic cracking for 
the manufacture of gasoline and allied products, tem- 
perature control has become of even more import- 
ance, and the units are so designed that at all times a 
most rigid control is exercised over the temperature 
in the catalyst beds. If the first hydrocarbon oxida- 
tion had followed the latest technique in petroleum 
cracking, in all probability its development as an in- 
dustry would have been far more rapid, since the 
value of close control of reaction temperature is 
many times more important in oxidation than it could 
possibly be in the cracking operation. 


Close Temperature Control Needed 


While it may be none too difficult to appreciate, 
we would like to illustrate, by use of the reaction 
mechanism and its close analogy to pyrolysis, the 
necessity of close temperature control during hydro- 
carbon’ oxidation, 

It can be remembered that the yield distribution 
of various products shown in Table 1 vary widely 
with the hydrocarbon employed. The most marked 
variations in yield are for methane (which produces 
only methanol and formaldehyde) and iso-butanes. 
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Cities Service Oil Company's Tallant, Okla., Chemical Plant. 









(Photo by Aerial Photo Service, Tulsa) 





The iso-butanes yield substantial amounts of ace- 
tone in contrast to the other hydrocarbons. In fact, 
the whole degree of yields is different from those of 
the other hydrocarbons. 

These variations in yield can be explained on the 
basis of the predominant bond scissions of the hydro- 
carbon employed. To arrive at the predominant bond 
scissions encountered in oxidation, the pyrolysis data 
of the hydrocarbon can be studied. 

Regardless of the reaction mechanism involved, or 
the hydrocarbon radical in question, it is reasonable 
to believe that the degradation of hydrocarbon mole- 
cules and the position at which the reacting radicals 
attack the molecules is governed by the same factors 
that govern their degradation and point of attack 
during thermal pyrolysis. 

For example, the pyrolysis of iso-butane in the 
lower range of pyrolytic temperatures yields propy- 
lene, methane and iso-butylene according to the fol- 
lowing reactions: 


\ 
C= CHs + H, 


CH, rs 7 
\ CH, 


(1) 


CH — CH; Iso-butylene Hydrogen 
Se a 
CH; 
ee 
Iso-butane CH;CH = CH: + CH, (2) 


Propylene Methane 


These two reactions amount to 85 to 95 percent of 
the reactions during low temperature pyrolysis of 
iso-butane. 


The bond scissions predominating in pyrolytic 
cracking represent the weakest bonds in the molecule. 
These same bonds respond most readily and in cor- 
responding degrees to oxygen. 

In reaction (1) two carbon-hydrogen linkages are 
ruptured in the alpha and beta positions to give hy- 
drogen and iso-butylene. This bond rupture is analo- 
gous to the oxidation mechanism where the carbon- 
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hydrogen group on the beta- carbon is ruptured to 
form a “peroxide” as shown in the equation (3). 


H 
O 
Hs CH; 
’ » \ 
CH —CH;+0:— C—CHs (3) 
4 4 
CH; CH; 
Iso-butane Oxygen Tertiary butyl hydroperoxide 


The “peroxide” shown in equation (3) disintegrates 
to a hydroxy radical (which attacks another iso- 
butane molecule starting a chain reaction), a methyl 
radical and acetone. The following series of reactions 


illustrate this: 
OH 
gg ths | 
C | CH; ~ (CHs):CO + OH + CHs (4) 
CH; 


Tertiary butyl hydro- Acetone 


peroxide 


The chain reaction is continued as follows: 


with the carbon-hydrogen bond scission. produced 
acetone and formaldehyde. This same carbon-hydro- 
gen scission was also stated to occur in the pyrolysis 
if iso-butane in forming iso-butylene, substantiating 
the analogy between the predominant bond scissions 
during oxidation and pyrolysis. 

Equation (2) requires the breakage of carbon- 
carbon linkage between the beta carbon and one of 
the methyl groups and an alpha carbon-hydrogen 
linkage. Equation (2) can be rewritten: 


aa 
CH —CH;— CH; + H + CH;:CH = CH: (11) 


CH; 


Iso-butane Propylene 


The methyl radical here, too, can form ethane or 
formaldehyde as in equation (9) and (10). The hydro- 
gen can react in one of several ways—three of which 
are shown in equation (12-a), (12-b) and (12-c). 


2H — H: (12a) 
H+0:.:—-0H+0O (12b) 
CH; + H > CH, (12c) 


and either become inert or furnish hydroxy radicals 


Tulsa) CH; CH; 
\ tint on > Ch 4 LO P for the reaction. . 
3 CHCH; + € aa s+ Hs: (9) If an alpha carbon-hydrogen linkage is attacked 
f mk CH; CH; by oxygen, it can be shown by: similar equations that 
eo the end products are again acetone and formaldehyde. 
“a Iso-butane Tertiary butyl The formation of acetone in the scheme involving the 
nares rupture of the alpha carbon-hydrogen linkage de- 
the pends on the intermediate radical of the reaction 
dro- CH, CH; O 
ond \ \O CH; 
lata C—CH;+0:— C—CH; (6) \ 
7 4 CH 
CH; CH; 
» OF CH; 
ble H (7) 
wd CH. O CH, CH, O CH, 
als \O \ \O % 
ors C—CH;+ CHCH; > C—CH;+ -C—CH; 
ack / i 4 4 
CH; CH; CH; CH; 
the Iso-butane Tertiary Tertiary butyl 
Dy- butyl radical 
‘ol- Hydroperoxide | O; 
another chain 
H 
1) CH; QO being attacked by oxygen to form a peroxide followed 
\O} t by degradation. However, this radical can alternately 
C | CH: > (CH:): CO + CH; + OH (8) rearrange to form propylene. A series of similar re- 
i actions employing propylene produce ketene as a 
Tertiary butyl | Acetone final peroxide degradation product together with a 
hydroperoxide methyl radical and a hydroxyl radical. The ketene, 
2) , . ; being unstable in the presence of water and under 
The methyl radicals (CH,) produced in equations the peti condtions, vields with water, acetic acid; 
(4) and (8) can be oxidized to produce formaldehyde: by thermal decomposition carbon monoxide and 
- methylene radicals; and by polymerization diketene 
OL CH: + Os Sag a rman te os (9) and ceheee polymers, Diketene, if formed, would prob- 
Hydroperoxide hyde ably react with water to form carbon dioxide and 
ic acetone through the a acetoacetic acid. The 
e. or combin m, asi is, ethane © predominating reaction would, however, be the hy- 
f. Oem, SE NTE dration of ketene to acetic acid. This theory is a here- 
2CH; > GH. (10) tofore unmentioned mechanism for acid formation 
e€ Ethane during hydrocarbon oxidation and is to a great ex- 


- Going back to equation (3) it has been shown that 
the end products of the chain reaction which started 
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tent substantiated by unpublished data which shows 
that acetic acid is the predominant acid formed dur- 
ing hydrocarbon oxidation, even though large 
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amounts of formaldehyde are always produced simul- 
taneously. 

Other series of reactions may be written which 
show the action of the hydroxyl radicals on propylene 
formed in reaction (2) to form acetaldehyde and 
methanol. 


Lower the Temperature, Better the Yield 


The most detrimental factor to good yields of these 
products is the lack of temperature control over the 
reaction. In general, the lower the temperature em- 
ployed, the better the yields. This can be explained 
by four facts: 

1) As the temperature is increased there is an- 
other increased tendency for oxygen attack at the 
more stable bonds in the molecule. Just as in pyroly- 
sis, where the molecule has a greater téndency to split 
up (eventually to carbon and hydrogen) as the tem- 
perature is increased, the degradation of the molecule 
due to oxygen attack increases with temperature. 
The result of this increased degradation leads to 
products of lower molecular weight and increased 
quantities of fixed gases such as methane and the 
carbon oxides. 

2) Methyl radicals tend to be oxidized too far due 
to hydroxyl radical attack. 


CH; + OH — CH: + H:0 
CH: + OH ~ CH + H:O ° 
CH + OH~CO+H: 


(13a) 
(13b) 
(13c) 


This type of degrative oxidation of methyl radi- 
cals (or other radicals) is greatly favored by in- 
creased temperatures. 

3) Increased temperatures increase the stability of 
the intermediate peroxy compounds with the result 
that there is an increased tendency toward “com- 
plete” decomposition, 


CH, + O. ~ CH:OOH — CO + H:+ OH (14) 


4) Fragile aldehydes, produced, as an end product 
of a chain reaction, tend to decompose to carbon mon- 
oxide, hydrogen and paraffins. This aldehyde decom- 
position is favored by temperature increases. There is 
no doubt that acetaldehyde and formaldehyde are 
extremely sensitive compounds and that their ten- 
dency to decompose to carbon monoxide and hydro- 
,gen or methane is greatly accelerated by temperature 
increases. 

Thus, it becomes evident that the proper reaction 


temperature must be employed and precise control . 


exercised over it. 


Change in Status of Gases 


An interesting economic situation has developed 
in connection with iso-butane. A few years ago iso- 
butane, along with butane and propane, was con- 
sidered a waste product in the petroleum industry. 
Some small portions of these products were disposed 
of by tank car shipments, but the larger portion pro- 
duced in the gasoline plants was disposed of as fuel 
for the plant boilers and furnaces. In very recent 
years the consumption of these liquefied petroleum 
gases has increased to the point that they are no 
longer consdiered as waste products ; to the contrary, 


they are now considered as valuable assets. This has 
necessarily placed the liquefied petroleum gases al- 
most in the same category, as far as value is con- 
cerned, as gasoline itself and has decreased by the 
same number the hydrocarbons that could be con- 
sidered as inexpensive raw materials for oxidation 
processes. 

In recent years the role of oxygen has begun to 
assume even greater importance largely due to the 
developments during the last war of a cheaper pro- 
cedure for the manufacture of relatively pure oxy- 
gen. By improving upon the methods used by Linde- 
Frankl in Germany, it has been stated that oxygen 
could be produced in the United States for a price 
as low as $3.50 per ton.’ Immediate advantage has 
been taken of this rapid change in values of oxygen 
by incorporating it into.the American version of the 
Fischer-Tropsch process. This has resulted in devel- 
opments that have ‘ed to the announcements that 
two large plants are to be installed -in the United 
States using relatively. pure oxygen as the basis for 
the preparation of carbon monoxide and hydrogen 
for the process. It has been stated that, due to the 
advantages derived from the cheaper oxygen and the 
engineering improvements over the German meth- 
ods, the plants can be built in the United States at 
the present time for approximately twice the cost 
per barrel that a refinery would cost. This is, of 
course, based on the consumption of natural gas as 
the raw material.” 

The role that oxygen has played in this develop- 
ment is probably of greater significance than any of 
the engineering improvements on the Fischer- 
Tropsch process itself. In all probability, in the com- 
ing years the tonnage of oxygen so consumed will 
over-shadow any other single reagent now being 
used in the transformation of hydrocarbons into or- 
ganic chemicals. The success of all this, we can rest 
assured, depends greatly on the degree of control 
that is exercised on the reactions involved. It is also 
our understanding that, while the presently consid- 
ered modifications of the Fischer-Tropsch process 
have resulted in a much lower capital cost per barrel 
of oil so produced, there are in the formative stage 
developments being carried out in the United States 
at the present time that will produce similar results 
at both lower capital and operating costs. 

While these developments may result in a tre- 
mendously increased value of gas properties to even 
the relatively small producer, to the technical man 
the point of greatest significance is that the American 
industry is now facing a new field of endeavor, the 
limits of which can be exceeded by the most opti- 
mistic imagination. This future will be largely based 
on the great steps that can be expected in the future 
of all phases of direct oxidation. 
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Practical Considerations in 


Process Design of 
Fractionators 


LYLE BRAY, Phillips Petroleum Company, Bartlesville, Oklahoma 


PeacrionaTion has gradually assumed more 
and more importance in industry until large fraction- 
ating towers are now familiar sights in petroleum 
refining and chemical plants. The use of such towérs 
was augmented to a great extent during the recent 
war by the construction of aviation gasoline, styrene, 
and butadiene plants which require large numbers 
of fractionators in order to obtain satisfactory prod- 
ucts. It is also expected that substantial numbers of 
fractionators will continue to be required by the 
petroleum and chemical industries. 

Because of the large investment in fractionators 
and the importance of the jobs they must perform, 
considerable effort is expended in obtaining reliable 
designs. The responsibility of designing these large 
bubble-plate fractionating towers belongs to the proc- 
ess engineer. He usually can obtain data for his 
design from the laboratory, pilot plant, previous full- 
scale operations, or theoretical calculations. How- 
ever, he must carefully weigh the data from each 
source in order to emerge with the final design which 
is most likely to result in a successful installation. 
Although theoretical calculations are quite valuable, 
the practical aspects in the design of a fractionator 
cannot be over-emphasized. The purpose of this dis- 
cussion is to point out the design features which 
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3 THE process design of fractionators the engineer must use 
data obtained from a number of different sources. Proper use 
of this information and careful analysis of each feature of 
the design from a practical viewpoint are necessary in order 
to make a successful installation. There are numerous places 
to which the engineer may turn to find methods of solution 
for individual problems in fractionator design. However, there 
is no one source which he can use as a guide to point out the 
various problems he is likely to encounter. This article is 
intended to be such a guide. The practical considerations in 
the process design of large-scale fractionators are pointed 
out and discussed. 











should be carefully analyzed from a practical angle. 
It is intended that it serve as a guide in fractionator 
design rather than furnish a means of solution of the 
problems encountered. 


General Considerations 


The total investment in even a small fractionator 
and its auxiliary equipment amounts to a sizeable 
sum of money, and so the engineer strives to design 
in such a way that the initial investment will not be 
too large. However, there are two other items which 
should sometimes be given even more consideration 
than the original investment, These are operation 
and maintenance. Considerable flexibility for these 
two items must be allowed for in the design or their 
costs may easily exceed the investment cost. in a 
short time. Inability of a tower to make a satisfactory 
separation of to handle the volume of material proc- 
essed by the remainder of the plant can result in 
large production losses. Loss of production due to 
down time, and large repair costs will result if an 
undue amount of maintenance is required. In addi- 
tion to the above losses, a sizeable error in the origi- 
nal design may eventually necessitate shutting down 
part or all of the plant in order to make revisions 


or additions. 


The process engineer is usually fortunate enough 
to have a number of places to turn for information 
upon which to base his design. Needless to say, none 
of these places should be overlooked. In addition to 
literature in books and periodicals, the engineer can 
normally obtain considerable data from the labora- 
tory or research divisions of his own company. Quite 
often data from these sources, if properly interpreted, 
will lead to valuable operating and maintenance pro- 
visions which otherwise might be omitted. If improp- 
erly interpreted, data from the laboratory may later 
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result in many troubles which could have been 
avoided. If the process is a new one, a pilot plant 
may be constructed in order to obtain data more 
comparable to full-scale operation.:Even here it must 
be remembered that troubles in the pilot plant will 
be magnified in full-scale operation and still other 
problems not encountered in the pilot plant may 
later cause troubles in the final plant. 

One source of valuable information not always 
utilized to the fullest extent is the previous opera- 
tion of similar units, In addition to consulting those 
men who engineered the units, the process engineer 


should also seek advice from men who have operated 


them and men who have maintained them. These 
men can usually give some valuable pointers to the 
process engineer because he does not always think 
along the same lines that they do. The mechanical 
design engineers can also aid the process engineer 
in numerous ways because they too look at the prob- 
lem from a different angle. Safety features have quite 
often been neglected but are receiving somewhat 
more emphasis in recent years. It would be best to 
ask the safety engineer to check the design for unsafe 
practices instead of waiting for him to condemn the 
installation after completion. The process engineer 
himself should strive to acquire a “safety first” atti- 
tude in his work. 

Although it should be the process engineer’s job 
to design the unit, he should be eager to obtain 
information from the individuals and departments 
mentioned above, If he analyzes this information and 
incorporates it properly in the final design of the 
fractionator, the result will be a unit most satisfac- 
tory to all departments concerned as well as one 
which he believes will do the designated job properly. 
Also, inter-departmental strife will be lessened be- 
cause all departments will feel that their ideas have 
received some recognition. The fractionator will be 
designed from both theoretical and practical consid- 
erations. 


Salient Features in Column Design 

Since the fractionating column is the principal 
piece of equipment in a fractionation unit, the salient 
features in its design will be the ones discussed here. 
Even though important, insufficient space is availa- 
ble to treat both the auxiliaries and the fractionator 
itself in one paper. 

The general topics under which most column de- 
sign features may be classified are, 1) material of 
construction, 2) operating pressure and temperature, 
3) number of trays, 4) tray spacing and column 
diameter, 5) column height, 6) bubble tray, and 
7) column openings, An analysis of the various items 
under these classifications will help to point out the 
importance of the practical aspect of the process 
engineer’s work. 


1) Material of Construction 

Although it may not be the direct responsibility 
of the process engineer to specify the material of 
construction for the fractionator, he should concern 
himself with this problem from a process standpoint. 
Much of the data required may be obtained from the 
laboratory or pilot plant. Even though the metallur- 
gist can specify the correct material for contact with 
components in the process, he may overlook other 
factors. Certain metals which may satisfactorily with- 
stand corrosion may themselves catalyze undesirable 
chemical reactions within the system. The process 
engineer should see that the specified materials of 
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construction will undergo little or no change them- 
selves and that they will not be harmful to the 
process. 


2) Operating Pressure and Temperature 

If the fractionator is to be installed in an existing 
plant, it should be designed to operate at a pressure 
satisfactory for the process and to fit into existing facil- 
ities as easily as possible. An engineer may decide a 
certain column will perform best if operated at a pres- 
sure requiring refrigeration. If, however, the plant in 
which the column is to be placed has no refrigeration 
facilities but has an abundance of cooling water availa- 
ble, the engineer should consider operation at a higher 
pressure. In analyzing the two proposed operating pres- 
sures, he will also have to weigh such considerations as 
type and size of equipment required, process efficiency, 
and effect of pressure on equilibrium relationships of 
components, and ease of operation and maintenance, 
Sometimes the heating facilities rather than cooling 
facilities may dictate the operating pressure. If the pro- 
posed operating temperature required a direct-fired 
heater but a good steam supply is already available, 
the engineer may be able to re-design the unit to 
operate at a lower pressure and thus utilize the exist- 
ing steam facilities. 


3) Number of Trays 

Determining the number of trays required for a 
fractionator is one of the most important jobs facing 
the designer, particularly if he has no previous op- 
eration upon which to base the design. A fractionator 
which has too few trays to make the required separa- 
tion may prevent the making of a final product of 
specification purity or may necessitate the entire 
plant or units of it to operate at higher rates without 
a corresponding increase in final product volume. 
On the other hand, a fractionator with too many 
trays represents a waste of money in the initial in- 
vestment, and in large installations this waste can 
be considerable. The process engineer should try to 
emerge with a fractionator which will do the desig- 
nated job satisfactorily with as low an overall pro- 
duction cost as possible. 

The number of trays in a fractionator cannot be 
calculated independent of the reflux ratio, for these 
two factors together are the ones primarily responsi- 
ble for defining the separation to be made. The effect 
of reflux ratio on the number of trays required is 
shown in Figure 1, which is the type of curve such 
plots generally assume, 

It can be seen from the curve in Figure 1 that there 
may be considerable latitude in choosing the reflux 
ratio and number of plates for a given separation. 
The choice of the proper reflux ratio and the number 
of trays is an economic problem of balancing the 
operating costs against the fixed charges on the frac- 
tionator and its auxiliary equipment. Use of the 
minimum number of trays would result in a column 
of infinite diameter in order to handle the required 
amount of reflux while use of the minimum reflux 
ratio would produce a column with an infinite number 
of trays. Thus, the actual column must be between 
these two extremes. Although the number of trays 
decreases with increased reflux ratio, the column 
diameter increases in addition to the extra cost for 
a larger condenser and larger reboiler. Thus, the 
fixed charges as a function of reflux ratio pass through 
a minimum. Operating costs are principally the cost 
of the heat required and the cost of cooling and 
pumping the reflux. These costs increase almost 11 
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direct proportion to the increase in reflux ratio. Total 
costs, the sum of the operating costs and the fixed 
charges, also pass through a minimum as the reflux 
ratio is increased. A typical plot of fixed charges, 
operating costs, and total costs, as a function of the 
reflux ratio is presented in Figure 2. The higher the 
operating costs are relative to the fixed charges, the 
closer the minimum in total costs moves toward the 
minimum reflux ratio. 


One factor in determining the number of trays 
which is often not given enough consideration is the 
relationship of the column in question to the remain- 
der of the plant, Sometimes a little extra caution in 
designing one column may pay dividends in more 
efficient performance throughout the plant. A good 
example of this is illustrated in Figure 3 which is a 
simplified flow diagram of a plant manufacturing 
butadiene from normal butane. The function of Col- 


umn A is to separate butene-1 from n-butane. The 


butene-1 is taken overhead and transferred to the 
butene dehydrogenation step for production of buta- 
diene. The n-butane remains in the kettle product 
and is processed further, eventually being recycled 
to the butane dehydrogenation step. If Column A 
has an insufficient number of trays and as a result 
must be operated so that abnormal quantities of 
n-butane appear in the overhead product, a number 
of undesirable conditions will be created throughout 
the remainder of the plant in addition to the loss of 
some n-butane. N-butane in the butene dehydrogena- 
tion feed stream will increase, thus reducing equip- 
ment capacity there, and subsequently in the buta- 
diene purification step. The only way this high con- 
centration of n-butane can be reduced is by recycling 
a stream from the butadiene purification step to the 
butene purification step. However, such a procedure 
further loads the equipment in this step and reduces 
its capacity for processing fresh feed. Thus, it can 
be seen that the process designer must thoroughly 
analyze the relationship of each fractionator to the 
entire plant before releasing his final specifications. 
This same type of analysis should also be applied 
when considering design features other than -the 
number of trays. 


4) Tray Spacing and Column Diameter 


The distance between trays is generally determined 
by theoretical calculations, experimental work, or 
comparison with similar processes already in opera- 
tion. Since entrainment of liquid in the vapor rising 
from tray to tray is one of the chief factors in setting 
the tray spacing, the column diameter must be con- 
sidered.at the same time, Usually the tray spacing 
is set at a reasonable figure and the diameter calcu- 
lated rather than setting the diameter and then cal- 
culating the tray spacing. However, the height of 
the fractionator must also be considered. If a 30-inch 
tray spacing would require too high a column for 
one section and insufficient room were available for 
construction of another section, then perhaps the 
designer would want to use smaller tray spacing 
and compensate for it by increased diameter. 

The relationship of the fractionator to the remain- 
der of the plant should also be subject to close 
scrutiny when determining the column diameter. 
Even though a column makes a satisfactory separa- 
tion, it may be a plant bottleneck if it has insufficient 
capacity. Each fractionator should be in balance with 
the rest of the process equipment so that the entire 
plant may handle approximately the same load. Too 
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small a column may mean loss of production and too 
large a column, wasted investment. 


5) Column Height 

After setting the number of trays, tray spacing, 
and column diameter, the designer generally has al- 
ready determined the approximate height of the col- 
umn. There are other features, however, which must 
be designed before the final height of the column 
can be set. If internal reboilers are to be used, the 
bottom part of the column must provide sufficient 
space for the reboilers and for disengagement of 
vapors below the first tray. If external reboilers are 
used, the column must have enough space to main- 
tain the proper liquid head and to permit the instal- 
lation of the return vapor nozzle from the reboiler. 
Additional liquid head is often obtained by placing 
the calumn proper on a high foundation. 

In some processes, undesirable chemical reactions 
are promoted by keeping liquid at a high temperature 
in the reboiler, For example, in an extractive distil- 
lation process using furfural, the time and tempera- 
ture at which the kettle liquid is kept has a definite 
effect on the amount of furfural polymerization. In 
such cases, it is well to design the reboiler so that 
the liquid hold-up time will be as short as possible. 


6) Bubble Tray 

The bubble tray in a fractionator is one of the 
most important features of design with respect to 
actual operation and maintenance. Yet, many signifi- 
cant points are often given little or no consideration 
in the original design. Too often the tendency has 
been to use blindly the same tray design already in 
use on other columns even though the new process 
is markedly different from the existing ones. Previ- 
ous experience should certainly be drawn upon, but 
not to the exclusion of analyzing the design for pos- 
sible improvements. 

Skeleton sketches of a few types of trays are 
shown in Figure 4. A close analysis of each type 
would reveal certain advantages and disadvantages 
which each possesses. It is the job of the process - 
engineer to weigh the various points and decide which 
tray he thinks will be best for his particular process. 
For example, the type shown in Figure 4-A has a 
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low material requirement. However, in large diam- 
eter columns with a large liquid load, the liquid flow 
path may be longer than desired. In that case the 
designs shown in Figures 4-B and 4-C may be advan- 
tageous because of the shorter liquid flow path and 
the longer overflow weirs. The channel type design 
in*Figure 4-B uses only straight plate instead of the 
curved sections required in the donut type. Some 
engineers, however, think the distribution is better 
with the donut tray. 

Great care should be exercised to see that all trays 
are level regardless of the type of tray used. That 
is one of the prime requisites for even liquid distri- 
bution over the tray. 


a) Downcomer Area 


The amount of downcomer area in a column is a 
very important factor in its operability, but it is dif- 
ficult to obtain accurate data for designing down- 
comers. The principal point is to provide sufficient 
downcomer area to handle the liquid downflow for 
the anticipated flow changes. Quite often it is nec- 
essary or desirable to operate a column with much 
higher feed or reflux rates than contemplated in the 
original design. Previous operation of columns han- 
dling similar materials is the best guide. If such 
information is not available, the engineer must then 
rely either on pilot plant data or his own calculations. 
The characteristics of the liquid may often be over- 
looked, but are quite important. A liquid which tends 
to foam will require more downcomer area ‘than one 
which does not, if flooding in the column is to be 
prevented. 


b) Weirs 

Most trays are designed with both inlet and outlet 
weirs. The length and height are the factors to con- 
sider in weir design. The height of the inlet weir 
should be just high enough to insure a positive liquid 
seal in the downcomer at all times, Too high a weir 
will create too much liquid hold-up in the down- 
comer and may necessitate larger tray spacing. Too 
high an outlet weir will increase the pressure drop 
across the tray unnecessarily. The height of this weir 
should be just enough to provide a positive liquid 
seal above the slots of the bubble caps. The length 
of the weirs may already be. set by the downcomer 
area. However, some variation in weir lengths can 
be obtained by the choice of the type of tray as 
pointed out previously. For columns with very large 
liquid downflows, the channel tray offers approxi- 
mately twice the weir length of the segmental type 
tray. When the liquid downflow is small, better dis- 
tribution across the weirs may be obtained by notch- 
ing. Great care should always be taken to insure 
that the weirs are straight and level to aid in obtain- 
ing proper liquid distribution across the tray. 


c) Bubble Caps 

The type bubble cap to use in a fractionator is 
perhaps the most controversial subject in the design 
of a column. Hundreds of different caps have been 
designed, each supposedly having the proper con- 
struction for increasing column efficiency or produc- 
ing some other beneficial results. Unfortunately, how- 
ever, the design of bubble caps is still far from exact. 

A number of factors to be considered in selecting 
a bubble cap can be pointed out. 

Since the bubble cap is in direct contact with both 
liquid and vapor (the latter often at high velocities), 
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it may have to be constructed of alloy material in 
order to withstand corrosion or erosion even though 
the remainder of the column is carbon steel, This 
point is especially important in large installations 
where decreased tray efficiency as a result of cap 
corrosion could bring about appreciable production 
losses. 

By determining the size, shape, and slot area 
of the bubble cap, the engineer can almost complete 
its design. Circular caps of approximately six inches 
diameter are in popular demand because they offer 
only small resistance to liquid flow and are a con- 
venient size for obtaining good vapor distribution on 
the tray. However, as mentioned previously, there 
are a large number of different types of caps in suc- 
cessful use. Data on the relative efficiencies of the 
various types are practically non-existant or unavail- 
able for publication. The slot area of the bubble cap 


-is usually set by allowing a certain vapor velocity 


through the slots after having already decided upon 
the type and number of caps to use. In this connec- 
tion it is well to consider the possibilities of the slots 
becoming plugged with chemical residues, polymer, 
or coke. Where such a situation might exist the slots 
should not be so narrow that they are easily plugged, 
thus reducing column capacity and necessitating 
frequent shutdowns. Removal of the obstructions 
in the slots is also made easier by use of a wider slot 
in such cases. It is also desirable to give special 
thought to the selection of slots in those cases where 
the liquid on the tray tends to foam. It might be 
difficult to arrive at a decision in that instance, but 
there are many engineers who feel that the type of 
slot and area have a definite effect on the foaming 
tendencies of the liquid. 

In large-diameter fractionators, the liquid flow 
path across the tray may be quite long, There is 
some evidence that such a condition may create a 
large hydraulic gradient across the tray and result 
in uneven vapor distribution. This latter situation in 
turn will cause liquid dumping through the risers 
nearest the inlet weir. The problem has been at 
least partially solved in some cases by installing caps 
with progressively smaller slot area, in the various 
rows from the inlet weir to the outlet weir. At any 
rate it is a factor which the process engineer should 
consider before proceeding too far with the design. 


After the type and size of cap have been set, the 
usual practice is to try to install as many caps on 
each tray as possible in order to obtain good vapor 
distribution. The main point to consider here is to 
allow sufficient space between the caps so that liquid 
flow will not be unduly retarded and so that installa- 
tion and maintenance work on the caps will be easy. 

The majority of bubble caps are presently being 
constructed of light gauge metal and consequently 
require some means of anchoring them to the tray. 
This is sometimes done by welding the cap to the 
tray surface or more frequently by means of a stem 
extending from the top of the cap down through 
the chimney. where it is bolted or wedged in place 
or attached to a holddown bar to permit easy re- 
moval of the cap. It is particularly important to 
install removable caps in those instances where foul- 
ing is likely to occur. Otherwise, maintenance work 
for cleaning will be very tedious and expensive and 
there will be undue loss of valuable operating time. 
In view of the fact that unknown factors affecting 
polymer formation may exist in the process or the 
column may be used later for a different process, it 
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isalways safest to install removable caps in any case. 
Exceptions to this might be in the case where a frac- 
tionator is designed for an identical process which 


Bias already been used successfully for an extended 


period of time. 

It must also be decided whether to install the cap 
with the slots resting on the tray, or with the slots 
adefinite distance above the tray. The only real basis 
lor determining this is previous operating experience 
or pilot plant test work, In some cases, ease of clean- 
ing polymer from the caps and trays may be a 
ieciding factor in setting the cap with the bottom 
of the slots above the tray. 


) Chimneys 

There are four decisions to make in designing the 
chimneys or risers: material of construction, diam- 
tter, height above the tray, and method of support. 
All of these are usually settled easily once the bubble 
ap design has been completed. Chimneys are gen- 
rally made of the same material as the caps. The 
tross-sectional area of the chimney should be such 
that no undue pressure drop occurs through the 
thimney itself or through the reversal area between 
the chimney and the cap. The height of most chim- 
teys is such that the top is just above the top of 
the slots on the caps. This dimension will be set 
once the size and position of the cap is determined. 
Chimneys, like caps, may be installed either in a 
removable fashion or rigidly attached to the tray. 
This latter method is carried out by welding or by 
vlling into the tray openings. The installation 
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method used for the caps is the criterion for installing 
the chimneys. 


e) Tray Construction 

Much has been said so far about the attachments 
to the tray but no consideration has been given to 
the tray proper. Aside from the downcomer and riser 
openings, a well designed tray will have two other 
sets of openings. First, small weep holes should be 
provided so that liquid can drain from the tray when 
the column is down for internal maintenance work. 
These holes should provide sufficient area so that 
the tray drains easily and the holes are not easily 
plugged, but they should not allow enough liquid 
to drain through the tray to interfere with normal 
column operation. It is well to point out here that in 
special installations such as a water draw-off tray 
in a stripper the installation of any weep holes might 
be detrimental to operations. Second, each tray 
should be equipped with a removable section for use 
as a manway going from one tray to the next for 
repair work, unless a manhole is provided on the 
column shell at each tray. This may necessitate cut- 
ting out an odd shaped section from the tray or 
changing slightly the position of some of the bubble 
caps. 

The diameter of the tray is a major consideration 
in determining its method of support. This question 
should be in the hands of the mechanical design en- 
zineers with the consultation of the maintenance 
section and process engineer. Common practice has 
been to either weld or bolt the tray in place. In re- 
cent years, however, a number of installations have 
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been made with the entire tray installed so that it 
can be easily disassembled by removal of nuts and 
bolts or wedges. Here again a thorough knowledge of 
the process for which the fractionator is designed 
will be a valuable asset in deciding upon the perma- 
nency of the installation. 


7) Column Openings 

Although the internals of a fractionator are the 
principal factors in determining whether or not the 
column has sufficient capacity and makes the desired 
separation, the openings into the column are often of 
more importance than the designer realizes. The en- 
gineer need not be ultra-conservative in providing 
openings, but he should give special attention to 
each one to insure that no bottlenecks result. For all 
openings at least the following four factors must be 
determined: 1) number, 2) size, 3) location, 4) type 
of construction. In some columns only a few open- 
ings may be required, whereas other columns may 
demand a great many. Those discussed here are be- 
lieved to be the ones to consider for any fractionator, 
but it is not implied that all of them are required for 
every column. 


a) Feed Entries 

The engineer usually makes careful calculations to 
determine where the feed tray should be located. 
Due to the variance between actual operation and 
the assumptions used for design, it is always desir- 
able to provide more than one feed entry. It is not 
good design to have entries along the entire height 
of the column, but a sufficient number should be used 
to allow for anticipated variances in feed composition 
and in separations desired. On a fractionator with 
100 trays, for example, five feed entries spaced 
at four-tray intervals would not be out of line. In 
deciding upon the size of the feed entry, the engineer 
should check to see that undue pressure drop is 
avoided. Too small an entry could conceivably re- 
duce capacity or at least require unnecessary power 
for pumping. Unlike some other openings in a frac- 
tionator, the feed nozzle cannot always. end on the 
inside edge of the column shell. The feed nozzle 
may have to be extended well into the column in 
order to allow the feed to enter in such a way as 
not to disturb equilibrium on the trays. This will, of 
course, depend almost entirely on the types of down- 
comer and tray layout used. In this connection, it 
should be remembered also that during actual oper- 
ation it may be necessary to introduce the feed 
either as a liquid or a vapor or mixture of both. 
Since the nozzles on a column may be subjected to 
more severe conditions than the column shell proper, 
it is often general practice to specify heavier material 
for the nozzles. This is true particularly of small 
nozzles such as sample nozzles, but might also apply 
to feed nozzles and others. 


b) Overhead Vapor 

The overhead vapor nozzle should be large enough 
so that the pressure drop through it will be quite 
small. Because of the wide variances in reflux vol- 
ume which are often used, it may be desirable to 
specify this nozzle to handle a vapor volume con- 
siderably larger than the design volume. 

On large columns the overhead vapor nozzle may 
serve also as a manhole for entering the column for 
maintenance work. This is accomplished by the in- 
stallation of a hinged ell. Even when a relatively 
small overhead vapor line is used, a large nozzle is 
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often installed with a reducer down to the size of 
the vapor line. 


c) Product Draw-offs 

On most columns the kettle product or bottoms 
product line is the only product line requiring an 
opening into the column proper,’ but in- addition 
many columns require nozzles at various trays for 
side product draw-offs. The primary consideration 
again is to provide an outlet with the proper pres- 
sure drop. Only in this case, a larger pressure drop 
may sometimes be allowable and hence only a small 
nozzle required. For example, if the kettle product 
from a depropanizer operating at 300 psi. were 
cooled and then put into a 100-psi. storage tank 
considerable pressure drop through the_ nozzle. 
cooler, and lines could be tolerated unless excessive 
flashing of the liquid occurred prior to cooling. In a 
majority of cases, however, the best design is ob- 
tained by allowing most of the pressure reduction 
to take place across the control valve. Thus, a fairly 
large product nozzle on the column is required even 
though a large potential pressure drop is available. 

When considering pressure drop it is well to in- 
vestigate the possibilities of coke or polymer plug- 
ging the openings and lines. Where this can occur, 
the investment in a large nozzle will pay dividends 
in decreased down time and ease of cleaning. 

The kettle product nozzle can be located either 
in the bottom of the column or on the side above 
the bottom head seam. When very heavy ends tend 
to settle in the base of the column, it is almost 
imperative that the product be withdrawn from the 
bottom. If product is withdrawn from the side, it 
may be possible to provide the column with a 
shorter skirt and result in a lower overall column 
height. 

Nozzles for liquid side-product withdrawal should 
be installed in a downcomer and close enough to 
the bottom of the downcomer to insure that they will 
always be covered with liquid. 


d) Reflux 

Here, as in the case of the overhead vapor line, 
it may be desirable to provide a nozzle suitable for 
much larger volumes than the design volume. Pump- 
ing costs are a prime factor in handling reflux and 
therefore no great restrictions to flow should be in- 
stalled in this system. 

The reflux should be introduced into the column 
in such a manner that even liquid distribution is ob- 
tained on the top tray. Unequal distribution on this 
tray could upset the equilibrium on a number of 
trays below. 


e) Relief Valves 

Even though relief valves are very expensive the 
process engineer should adopt a conservative attitude 
in making provisions for them. The nozzle should 
be large enough for the standard size valve selected 
and in some cases an extra nozzle is provided for 
the possible addition of a second valve later. 


f) Manholes 

On large diameter columns manholes must be pro- 
vided for entry into the column to do maintenance 
work. If each tray is equipped with internal man- 
ways so that a man can go from one tray to the next 
inside the column, the manholes opening into the 
column need be provided only at intervals up the 
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column. Intervals of either five 
or ten trays are generally used 








for they enable workers to dis- 4 : | 
tribute themselves well through- 

out the inside of the column when am $f 
a large number of trays require 

work or afford a conveniently 

sized section when only a few N ial 


trays need cleaning or repair. 
Where a column is in a service 
conducive to extensive coke or 
polymer formation, it may be 
good practice to provide manholes i 
at intervals of less than ten trays. 
If there is believed to be little or 
no possibility of tray fouling or 
of corrosion necessitating fre- 
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quent maintenance work, only a 
few manholes are required for a 
tall column. In no case, however, 
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is it considered wise to install less 
than two manholes per column, 
one at the top and one at the base. 
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Manholes represent consider- 
able investment and so should be 
kept as small as practical but as 
the name implies they must be large enough to ac- 
commodate a man safely. The size of a manhole is 
standard in most plants, but in case any question 
arises about the size consult the maintenance depart- 
ment for it is their men who must use the manholes. 


The blind flanges on manholes are very heavy and 
therefore must be equipped with hinges so the main- 
tenance men can easily swing them from the opening. 
It is highly important that these flanges be properly 
sealed when closed to prevent leakage which might 
result in a fire or explosion or at least a loss of prod- 
uct. Again the process engineer should consult the 
maintenance department for advice. 


g) Internal Heating Elements 

A great number of fractionators are designed with 
internal heating elements. When this is done there 
are several important factors to be considered. Since 
heating elements may require rather large column 
openings, the mechanical design section should be 
consulted to determine the largest size opening allow- 
able core proceeding too far. If two elements are 
required, their relative positions must be decided. 
Metal supports and rollers should be installed inside 
the column to facilitate easy installation and removal 
of bundles. The top of the heating element should be 
lar enough below the lowest tray to allow a con- 
trollable liquid level to be maintained above the ele- 
ments and to keep liquid entrainment in the vapor 
entering the first tray at a minimum. Too much con- 
servatism in this regard, however, will result in 
wasted investment of additional column height. 


h) Lines to External Kettles or Exchangers 

When heat is supplied by external kettles or ex- 
changers, liquid and vapor lines between them and 
the column must be provided. The main considera- 
tion here is to be certain that the lines are large 
enough and as straight as possible to preclude the 


Possibility of excessive pressure drop, thus limiting - 


column capacity. The possibilities of fouling of these 
lines should be given careful thought. The nozzle 
for the liquid line from the column should be low 
enough to take full advantage of the liquid head in 
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FIGURE 4 


the base of the column. The nozzle for the vapor 
entry into the column must be far enough below the 
first tray so that vapor will be distributed evenly as 
it enters the vapor risers on the tray. 


i) Observation Ports 

There have been several instances in recent years 
where glass observation ports have been installed on 
large hydrocarbon fractionating columns. At least two 
nozzles are usually required, one for light and one 
for observation. Observation ports are of considerable 
value for studying tray action to find ways of cor- 
recting faulty operation of columns already installed 
and to collect data for future design work. The prin- 
cipal factors in installing observation ports are to 
locate the nozzles in positions where the tray can 
be observed best, provide easy to operate and acces- 
sible valves, and furnish a good source of light. The 
size of the openings required depends primarily upon 
the column diameter. 


j) Liquid Level Control 

The type of nozzle to install for a liquid level con- 
troller depends upon whether an internal or exter- 
nal float is used. In either case the engineer should 
follow the recommendations given by the manufac- 
turer of the controller unless previous experience has 
produced additional refinements. Where considerable 
turbulence is likely to occur, it is often desirable to 
install baffles around the nozzle. When internal heat- 
ing elements are used, the use of an external leg on 
the side of the column may be advisable. Installation 
of the liquid level controller on this leg will result in 
much smoother performance. Care should be exer- 
cised in locating nozzles because most liquid level 
controllers provide only small flexibility in changing 
the point of control. 


k) Gauge Glasses 

Sufficient number of nozzles for gauge glasses 
must be supplied to give adequate observation of the 
anticipated liquid levels. This generally means pro- 
vision of nozzles from near the bottom of the column 
to within a few feet of the first tray. It should be re- 
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membered that gauge glasses are most important 
when the liquid level controller is working improp- 
erly and, therefore, glasses should not be installed 
only at the point of control. The size of the gauge 
glass nozzles and the distance between them is 
usually determined by the selection of a standard 
size gauge glass, 


1) Sample and Pressure Connections 

The complete story of a column’s operation cannot 
be told by the volume and composition of the feed 
and product streams alone. To obtain further infor- 
mation on column performance, samples of liquid and 
vapor, or both, must be taken from the trays. The 
number of such sample connections to provide is left 
wholly to the judgment of the engineer. It should 
not be necessary to provide openings on every tray 
of a large fractionator, but liquid and vapor sample 
connections at every fourth tray, for example, on a 
100-tray column would certainly not be too many. 
The best spot for a liquid sample nozzle is near the 
bottom of the downcomer. Vapor sample nozzles 
should be high enough above the tray to insure the 
taking of a vapor sample under normal operation. 

Sufficient nozzles for pressure connections should 
be provided to enable the taking of adequate pressure 
drop data, Since sample nozzles can also be utilized 
for taking pressures, the only specific pressure con- 
nections required may be at the top and base of the 
column. The one at the top can even be eliminated 
by installing it in the overhead vapor line instead 
of in the column proper. 

Because of their small diameter and the hard 
usage received by taking of samples or putting on 
and taking off pressure gauges, all sample and pres- 
sure nozzles should be made of extra heavy material 
regardless of the column operating pressure. The 
designer should guard against using too small nipples 
to provide adequate strength, e.g., they should be 
at least % inch diameter, 


m) Temperature Connections 

Every fractionator must be equipped with means 
for obtaining internal temperatures. This is done 
either by temperature indicators, temperature record- 
ers, stationary thermometers, or thermowells with 
removable thermometers. The selection of the num- 
ber, type, and location of temperature connections 
should be done by the process engineer, but it would 
be wise to consult the operating department also 
since their men will use them most. In locating con- 
nections for indicating and recording ‘points to be 
used for control, the engineer should give careful 
thought to the number required, for he .may wish 
to change control points after operation has begun. 
Thermowells should be furnished on all trays which 
have sample connections so that complete correlation 
of operating data may be obtained if desired. Special 
care must be given to the location of temperature 
connections in the base of a column with internal 
heating elements to avoid the taking of erroneous 
temperatures. 


8) Miscellaneous Features 

These discussions have covered most of the impor- 
tant design features which can be classified under 
definite headings. In addition there are several mis- 
cellaneous items to consider which often are of con- 
siderable importance in fractionator designing. 

One of these items is insulation. The primary con- 
cern of the process engineer regarding insulation for 
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the fractionator is that of making certain it igs of 
proper quality and thickness for keeping heat losges’ 
at a minimum. It is also used to prevent chang} 
weather conditions from making the fractionator dif. 
ficult to control. In some instances insulation is useq 
as a safety measure to protect personnel. The insula. 
tion selected in any case should be as weatherproof 
and easy to maintain and repair as possible. 

Every column must be equipped with ladders and 
balconies to provide easy access to the valves and 
manholes along the column. All valves required for 
normal operation should be as easily accessible as 
possible so that they can be reached quickly and 
safely in case of emergencies. Sample connections 
and thermowells should also be close to the ladders. 
Balconies should be located at every manhole. Pro- 
visions for these in the original design will make 
maintenance work easier and safer and eliminate the 
necessity of using temporary platforms when in- 
ternal column repairs are required. It is well to 
consult the maintenance department regarding other 
special, features which might be included such as 
hoists or A-frames for hauling material up the col- 
umn. The maintenance men will naturally wish to 
include as many time and labor saving devices as 
possible to aid them. Some of these may be elimi- 
nated because of prohibitive costs. Others may be 
provided for satisfactorily by temporary construction 
at the time the maintenance work is required. In 
those processes, however, where considerable: frac 
tionator maintenance work is anticipated, perma-9 
nent installation of certain features strictly for the 
use of maintenance personnel may pay dividends in 
relatively short periods of time. 


Conclusions 


The process engineer should endeavor to use e- 
ficiently all information available to him before re- 
leasing final specifications on a fractionator. Repre- 
sentatives of the research, laboratory, mechanical 
design, operating, maintenance, and safety divisions 
should be consulted. Each part of the column should 
be analyzed thoroughly from a practical viewpoint. 
Particular attention must be given to those features 
which could easily impair operating efficiency or 
capacity if improperly designed. Failure to make allow- 
ances for certain maintenance problems may result 
in large maintenance expenditures and loss of pro-— 
duction due to off-stream time for cleaning, repairs, 
or revisions. The relationship of the fractionator to_ 
the remainder of the plant is also an important factor? 
to consider. Careful interpretation of data from vari-~ 
ous sources and close scrutiny of the design from a 
practical angle will produce an installation most 
likely to operate satisfactorily. 
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Heat Exchangers in Alcohol Plant. 











(Photo courtesy Vulcan Copper & Supply Company) 


Synthetic Alcohol from Petroleum 


ROBERT S. ARIES, Consulting Engineer, Brooklyn 
and Adjunct Professor of Chemical Engineering, Polytechnic Institute 
of Brooklyn, New York 


eeaereras. ethyl alcohol ranks high in the list 
of essential raw materials for the chemical process 
industries, both as a solvent and a starting point for 
many chemicals such as acetaldehyde, acetic acid, 
ethyl acetate, etc. Its methods of manufacture have 
thus attracted the attention of chemists and engineers 
for many years. Traditionally, alcohol is made by the 
fermentation of carbohydrates, either in the form of 
starches as in grain or as sugars in blackstrap mo- 
lasses and sulphite waste liquors. However, the 
manufacture of synthetic ethanol from ethylene has 
become an increasingly important industrial process 
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in recent years. In view of its favorable economics, 
the processes described as well as the production ol 
by-product ethanol from the Fischer-Tropsch type 
synthesis using natural gas or eventually coal as a 
raw material, are slated to become increasingly im- 
portant throughout the world. 


Source and Purification of Ethylene 
An average petroleum refinery employs mixtures 
of ethylene with other by-product gases as fuel for 
boilers. To make ethylene in quantity calls for ad- 
justment in the usual refinery practices. This is im- 
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tant in the production of alcohol, because if the 
per amount of ethylene is not produced as sched- 
, the alcohol plant cannot operate on a definite 
table. Data on “once-through” fluid catalytic 
acking operations may be interpreted to indicate 
at some 9 percent of the C,—and lighter fraction 
pnsists of ethylene; the yield of this fraction ranges 
fom 6.0-14.5 percent of the charge. Vapor phase 
Haacking can yield a gas containing 20-25 percent 
tihylene, and higher percentages of ethylene can be 
iMained by cracking ethane-propane mixtures or the 
fopane-butane cut of stabilizer gas. Fractions con- 
ining varying percentages of ethylene can be ob- 
ined in the course of operations designed for other 
oducts, such as butadiene and isoprene. 
Provided that the ethylene content is sufficiently 
igh, the saturated hydrocarbons, chiefly methane 
and ethane, need not be removed. However, most of 
ihe higher olefins must be removed to prevent ex- 
Messive polymerization. In some cases it may be found 
wdesirable to crack crude petroleum, specifically for 
themical by-products, thus getting a high percentage 
Of purer ethylene which is well suited for conversion 
f alcohol. 


Direct Hydration Process 


The reaction C,H, -+ H,O @C,H,OH is exother- 
ic, —“H —-+ 10,964 cals at 150° C. The values for 
the free-energy change, lead to the following values 
or log K: at 300° K, 1.119; at 400° K, —0.81; at 500° 
] —2.02 ; at 600° K, —2. 80. The formation of alcohol 


he conversion of ethylene is favored by having a 
Tigh ratio of ethylene to water, so far as it is economi- 
fal to do this. At the lower temperatures the pressure 
fannot be increased indefinitely because the water 
Wwould condense, thereby changing the equilibrium 
Minfavorably, and at higher temperatures increase of 
pressure tends to cause polymerization of the ethy- 
lene. At 200° C., and with the water-to-ethylene ratio 
at 2 to 1, the equilibrium reaches 20 percent cenver- 
sion at 300 psi., but at 300° C., and with 5 to 1 water- 
to-ethylene, equilibrium conversion is only 15 percent 
at 1200 psi. 

At the low temperatures necessary for favorable 
equilibrium the reaction rate is slow, and therefore 
catalysts must be used. Commercial utilization of the 
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E senate derived from petroleum cracking can be hy- 
drated to give ethanol. Direct hydration is limited thermo- 
dynamically to rather low conversions. The reaction can be 
carried out indirectly by first treating the ethylene with sul- 
phuric acid, thus forming ethyl sulphuric acid and diethyl 
sulphate, which, on treatment with water, hydrolyze to ethyl 
alcohol and sulphuric acid, which is concentrated and re-used. 
By-product ethyl ether is formed from the reaction between 
the ethanol and the unhydrolyzed ethyl hydrogen sulphate. 

In this article the author stresses procedures now in com- 
mercial use in the United States. The reaction C:H, -+- H.— 
C:H;OH is exothermic, —AH = + 10,964 cals. at 15° C. 
The equilibrium is favored by low temperature and high 
pressure, At 200° C., and with a water to ethylene ratio at 
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a 2 to 1, the equilibrium reaches 20 percent conversion at 300 

“pple p.s.i. Re-cycling is required, and a concentrated source of 

im- ethylene must be used to prevent the building up of inerts. 

Commercial sulphuric acid and processes absorb the CH, 

in 90 percent acid or higher. The liquid product is hydrolyzed 

and stripped of alcohol and ether. After scrubbing with caustic 

o | soda, the alcohol is rectified, and a very pure product is ob- 

res | tained. Economics of the process are included in the presenta- 

for tion which originally was made to the International Congress 

ad- of Pure and Applied Chemistry at its 1947 meeting in London. 
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is favored by low temperature and high pressure, and 


process has been proposed, presumably with efficient 
catalysts, although published data only indicate 
rather low conversions. At 290° C. and 1500 psi (con- 
ditions under which the equilibrium conversion is 
only 8 percent) conversions of 2-4 percent were 
obtained with a contact time of 60 seconds. British 
investigators have used, as catalysts, complex phos- 
phates of many metals, including iron, nickel, calcium, 
strontium, barium and magnesium. Research in the 
United States found aluminum oxide the most active 
catalyst of about 20 materials, including oxides and 
phosphates of aluminum, thorium and tungsten. 

Side reactions are not important at moderate tem- 
peratures and pressures. Some workers found poly- 
merization at 350° C., but not at 320° C. or below, 
while others apparently did not get polymerization 
or ether formation at 150-300° C. and pressures up to 
1500 psi. 

Since the conversion per pass is necessarily low, 
recycling is required, and a comparatively concen- 
trated source of ethylene must be used to prevent the 
building up of inerts. 

Despite the somewhat adverse theoretical con- 
siderations such as the low conversion per pass, the 
direct hydration process presents some distinct 
advantages such as lower investment costs, no neces- 
sity for corrosion resistant equipment and the elimi- 
nation of the acid solutions. Many of the world’s 
leading chemical companies have investigated the 
process and Shell Oil Company is building a com- 
mercial installation utilizing this process, which will 
use substantially pure ethylene feed in order to 
recycle the unreacted ethylene, The operating costs 
of this process are expected to be similar to the ones 
using sulfuric acid. 


Chemistry of Sulphuric Acid Process 


The hydration of ethylene to alcohol can also be 
carried out indirectly, by first treating the ethylene 
with sulphuric acid, forming ethyl sulphuric acid 
(ethyl hydrogen sulphate) and diethyl sulphate. 


C:Hs-+ HeSQ. — CHsHSO, 
C;HsHSO,+ C:Hs — (C:Hs)2SO, 


The ethyl sulphuric acid and diethyl sulphate, on 
treatment with water, hydrolize to ethyl alcohol and 
sulphuric acid. 


C:HsHSO,-+ H:0 — C:H;sOH + HeSO, 
(C:Hs)2SO.-++ 2H:0 — 2C.HsOH + H:SO, 


This process, which amounts to an indirect hydra- 
tion of ethylene, is not limited by the equilibrium of 
the direct hydration, because the equilibrium is dis- 
turbed by diluting the concentrated acid solution. 
The free energy change of dilution of the acid is 
therefore added to that of the direct hydration, so 
that almost quantitative yields are thremodynami- 
cally possible. This process has, however, the 
undesirable feature that relatively large amounts of 
dilute sulphuric acid must be reconcentrated, unless 
there is some other outlet for the dilute acid in the 
same plant. 

In order to avoid the reconcentration of sulphuric 
acid, efforts have been made to develop a process 
which uses dilute acid throughout. The formation of 
ethyl sulphates, and their hydrolysis, are carried out 
in the same equipment, and the sulphuric acid is, in 
effect, acting as a catalyst. High pressures and rela- 
tively high temperatures are required. Thus ethylene 
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and steam may be bubbled at 609. 
1000 psi., and 250° C. through suk 
phuric acid in a vessel packed with 
Raschig rings. The counter-cyp” 
rent principle may be utilized, jg | 
which a large quantity of sulphurie” 
acid is circulated, so as to keep the” 
alcohol concentration low, thereby” 
reducing ether formation. How 
ever, the high operating pressure = 
necessitates special equipment, and _ 
very severe corrosion problems are 
encountered in handling 8 percent) 
sulphuric acid at 250° C. This prow 
ess is not operated commercially” 
yet, although the relatively high” 
conversions of 90 percent is claimed) 
The fact that impure gases can be” 
processed and the elimination of” 
the acid concentration step may in” 
certain instances outweigh the diss” 
advantages of the processes. P 
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Concentrated Sulphric 
Acid Process 


Concentrated acids are used by) 
Enjay Company, Inc., of Standard? 
Oil Company (New Jersey) andy 
the several plants of Carbide and@ 
Carbon Chemicals Corporation. 

This process may be compared™ 
with the similar synthesis of iso#¥ 
propyl alcohol from propylene, an-¥ 
other refinery by-product. Propy as 
lene is, however, more readily aby) 
sorbed in sulphuric acid; the moreyy 
difficult absorption of ethylene 
necessitates special equipment to 
withstand corrosion. Many cata 
lysts for this absorption have been ® 
tested and silver sulphate has ap- 
parently been found effective, as 
well as compounds of copper and 
of metals of the iron and platinum 
groups. 

The ethylene - containing gases 
make contact with sulphuric acid, 
90 percent strength or higher, in 
an absorbing tower. The tail gases 
from the tower, after scrubbing 
with caustic soda, can be used as 
fuel. The liquid product from the 
absorbing tower, containing ethy! 
hydrogen sulphate and diethyl sul- 
phate, passes to a hydrolysis cham- 
ber, and then to a column in which 
it is further hydrolyzed and 
stripped of alcohol and ether va- 
por. The mixed vapors of alcohol, 
ether and water, after being 
scrubb with caustic soda, are con- 
densed and sent to a’crude alcohol 
storage tank. In the alcohol purin- 
cation section an ether column 
takes off the ether, which is washed 
and sold as a by-product; the al- 
cohol is then rectified in one col- 
umn. A very pure product is made. 

The sulphuric acid leaves the 
system as a black, dilute acid from 
the alcohol stripper, Reconcentra- 













ar) 





— 


-— «eos = 4 oF G54 mm. 6 © 224 oF. 


a ae: ee 2a | ee 6 6 


Petroleum Reéfiner—V ol. 27, No. 4 






ion of 
nay im 
e dis- 


ed by | 
ndard © 


) and 
e and 
on. 

pared 


f iso- 


e, an- 
ropys 
y ab- 
more 
ylene 
nt toy 


cata > 


been 
S ap- 
e, as 
- and 
inum 


rases 


ybing 
d as 
the 
thy! 
sul 
1am- 
hich 
and 
va- 
yhol, 
ing 
con- 
ohol 
irifi- 
mn 
shed 
al- 
col- 
ade. 
the 
rom 
tra- 


ro. 4 





Condenser in Chemical Recovery Plant. 


tion of the dilute acid, in one American plant, takes 
place first in an acid reboiler, which brings the con- 
centration up to 70 percent; the evaporated steam is 
returned to the stripper. For. further concentra- 
tion this plant uses a Simonson-Mantius two-stage 
vacuum system which concentrates sulphuric acid 
without causing objectionable fumes. In the first con- 
centrator the acid is brought up to 89 percent under 
a 2.5 psi.; in the second it is brought to the final 
desired concentration at 0.4 psi. Because of the low 
pressures the acid temperatures are kept below 
370° F., but since, even at this temperature, steam as 
a heating medium would require very considerable 
pressures, Dowtherm A vapor is used, which gives 
a temperature of 575° F. (thus providing ample tem- 
perature drop) at a pressure of only 20 psi. 

The advantages of the process are the relatively 
high conversion to alcohol (70-80 percent) and the 
fact that gases containing as low-as 30 percent 
ethylene can be successfully processed. On the other 
hand, it has some disadvantages, such as the concen- 
tration of considerable amounts of acid and the neces- 
sity of using special equipment. The equipment 
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consists of steel pressure vessels with linings and 
internal parts of lead, ceramic materials, Karbate, 
glass, Hastelloy, Duriron, etc. 


Flow Sheet of the Process 


Following is a detailed description of a typical 
process for large scale production of ethyi alcohol 
from ethylene as illustrated in Figure 1. The process 
as shown, with certain variations in some cases, is 
representative of this process as practiced in the 
United States today. The normal yield of alcohol and 
ether from this process is more than 90 percent of 
that theoretically obtainable from the absorbed 
ethylene. Ether production amounts to more than 5 
percent of the alcohol. Normally, the alcohol pro- 
duced is of a denaturing grade; but, by modification 
of the distillation equipment, a higher grade of spirit 
may be produced. . 

Ethylene-rich gas, containing 32 to 100 percent 
ethylene, enters the bottom of the absorber and 
passes upward in a counter-current way to a descend- 
ing stream of sulphuric acid and ethyl sulphates. The 
pressure in the absorber is 200 to 500 psi., depending 
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upon the concentration of ethylene in the feed stock. 
The absorber is operated at a temperature of approxi- 
mately 180° F. Because the absorption gives off heat, 
it is necessary to provide for internal cooling coils to 
maintain this temperature. Liquid from the base of 
the column is also cooled and recirculated to an inter- 
mediate point in the column in order to maintain the 
desired temperature and ethyl sulphate concentra- 
tion. Fresh sulphuric acid of approximately 97.5 per- 
cent strength (about 2 pounds for each pound of alco- 
hol produced) is introduced into the top of the col- 
umn. Residual gases from the top of the column are 
washed with water to remove entrained acid and pass 
out to other uses. 


The liquor flowing from the base of the absorber is 
a mixture of diethyl sulphate, ethyl hydrogen sulphate 
and sulphuric acid. This liquid is cooled and passes to 
a mixing vessel in which an intimate mixture of this 
solution with water is obtained. The mixture then 
passes to a hydrolyzer in which hydrolysis is com- 
pleted. The liquid leaving the hydrolizer consists of 
a mixture of ethyl alcohol, ethyl ether, sulphuric acid 
and water, together with a trace of carbonaceous and 
other organic material formed as by-products of the 
operation. This steam passes to a stripping column 
in which the alcohol and ether are stripped out, leav- 
ing a residue of sulphuric acid and water of about 
50 percent strength. The alcohol and ether vapors 
from the top of this stripping column pass to a 
scrubber in which they are washed with water or 
caustic. Steam is introduced into the base of this 
scrubbing in order to recover alcohol from the 
descending scrubbing liquor. 


Vapors leaving the scrubber are condensed and 
cooled for purification and concentration in the finish- 
ing section of the unit. In this section the feed is first 
introduced into an ether column in which the ether is 
stripped from the dilute alcohol, concentrated in the 
top of the column, and back washed with water to 
remove final traces of alcohol. The ether-free alcohol 
from the base of the stripper passes to a rectifying 
column where the concentration of alcohol is raised 
to approximately 95 percent on a volume basis. Oils 
are drawn from an intermediate point in the column. 
The overhead product may then be further concen- 
trated by stripping out additional heads materials at 
high proof. 

Acid from the base of the stripping column passes 
to a reboiler in which the acid concentration is raised 
to approximately 70 percent, and vapor is provided 
for use in the base of the stripping column. This acid 


is then heated to accelerate carbon formation in ¢f 
residual organic matter, oil material is decanted, an 
carbon is filtered out. The acid then passes to # 
acid concentrators in which water is removed by dis. 
tillation under high vacuum, using Dowtherm (de 
phenyl and diphenyl oxide) as a heating medium. The 
concentrated sulphuric acid (94.5 percent) can then 
be re-used for the absorption. ‘3 


Conclusions a 
The manufacturing costs of producing synthetic 7 
ethenol from ethanol under American conditions are © 
less than $0.10 per gallon. This would include fixed — 
charges, plus operating costs such as labor, mainte- — 
nance, and utilities. Credits for the H,SO, and ethyl 
ether have also been allowed in the above figure. The 
ethylene cost, which should be added, will depend 
upon the specific conditions involved. If by-product © 
ethylene is used, the costs would vary to a large = 
extent in accordance with the bookkeeping methods, — 
In the case of a cracking unit directed toward organic — 
chemical production, if crude oil were to cost only ™ 
$2 per barrel, and if iso-propanol and other chemi- 


cals are made as joint products, the total cost of the © 


ethanol would be less than $0.15 per gallon. It is 
believed that the total costs of making alcohol by 
direct catalytic hydration will be of the same order. 
These costs compare very favorably with the costs 
of producing ethanol from grain and of producing 
ethanol from grain and from blackstrap molasses. 
The prices of these agricultural commodities vary 
with the business cycle, but in general the price of 
grain far exceeds the necessary limit for economic 
production of industrial alcohol in countries where 
petroleum is available, while molasses could only 
serve as a marginal source during periods of low 
sugar prices. However, national and international 
considerations sometimes may modify these remarks, 
even in countries which have abundant petroleum 
resources. 

The production of synthetic alcohol is another 
example of the application of sound chemical engi- 
neering techniques to the practical solution of an 
important industrial problem. The difficulties encoun- 
tered in the numerous operations involved are indica- 
tive of the complexities of modern industrial proc- 
esses which the chemical engineer has to design and 
operate. Similarly, the recovery of the by-product 
alcohol from synthol (Fischer-Tropsch) plants which 
at present gives rise'to some problems, will be solved, 
making it an important process for organic chemicals 
manufacture. 
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Figure 1—Magnolia Petroleum Company's Vanderbilt, Texas, gasoline plant in the West Ranch field. The compressor building and suction and 
discharge headers are to the right of the line of process towers. Cooling water circulating pumps can be seen in the plant yard at the end of the 
compressor building. 


= work on structures for supporting and 
housing compressors in gasoline, cycling, and repres- 
suring plants has resulted in construction of a wide 
variety of types of foundations and buildings. Com- 
pressors, being quite heavy and subject to severe 
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Figure 2—Cross-sectional sketch of the compressor foundation and base- 
ment, which shows relative location of equipment. Note that location of 
equipment provides easy accessibility. 
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vibration problems, usually have been placed on 
foundations approximately at grade elevation. This 
arrangement worked well in installations where com- 
pressor suction and discharge pipe sizes were rather 
small and few stages were required. Piping was 
ordinarily placed in trenches below grade level, or 
supported overhead. The trend, however, in sizing 
suction and discharge piping has been toward larger 
diameters. This has come about because of attempts 
to obtain smoother flows to remove difficulties with 
piping vibration and gas measurement, and it has 
become more or less a frequent practice to use large 
surge volume tanks immediately adjacent to com- 
pressor inlet and outlet connections. 

This tendency toward larger pipe sizes and surge 
volume tanks has resulted in many difficulties in 
piping layout. In some cases where grade level com- 
pressor foundations have been used, pipe trenches 
have been so crowded that original design was almost 
impossibly complex, and the resulting layout so 


ee physical layout of compressor installations possibly plays 
a greater part in providing good operating convenience and 
simple, low-cost maintenance than any other comparable 
mechanical equipment in the plant. In this account of one 
satisfactory design worked out to eliminate a number of the 
difficult problems encountered in conventional plants, it is 
anticipated that the reader will find several suggestions of 
value for future use. 
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Figure 3, above—Prefabricated manifolds of welded pipe for the engine 
air-intake are imbedded in the engine foundation block as shown in this 
picture of the block form under construction. 
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Figure 4, above—Air filter lines are brought through the basement wall 

under the building floor above grade level to the rear of the building. 

Lines run from the top of the engines through the wall to the exhaust 
silencers as shown in the photograph. 


Figure 5, left—Rear of compressor engines showing insulated exhaust 
lines, and jacket water and fuel gas lines. 


crowded that many of the lines would be inaccessible 
for inspection or maintenance purposes. In addition 
to the layout problems noted above, one serious 
problem exists in plant operation where inaccessible 
pipe trenches are located below grade level to serve 
as traps for the accumulation of slop liquids and 
hazardous vapors. 


Vanderbilt Plant 


Recently a variation from the conventional grade 
level layout mentioned above was evolved for the 
compressors installed in the Vanderbilt, Texas, gaso- 
line plant, Figure 1, which is owned and operated by 
the Magnolia Petroleum Company in the West Ranch: 
field. The plant was designed and built by Hudson 
Engineering Corporation. In this plant, casinghead 
gas, 27,500,000 cubic feet daily, is compressed through 
four stages form 10 inches mercury vacuum t0 
1000 psig. 

This particular plant employs large diameter com- 
pressor suction and discharge piping, which follow- 
ing established design for similar plants, would have 
been supported and anchored on concrete piers at 
grade level outside the compressor building. Large 


Figure 6, left—All lines to the compressor volume tanks from the suction 

and discharge headers in the plant yard are clamped to concrete piers 

and enter the compressor building above grade level and below the 
floor level. 
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yolume tanks were to be installed on the inlet and 
outlet lines from the compressors. 

The design worked out to meet this layout prob- 
lem was based on the elevation of the compressors to 
alevel several feet above grade. The compressors are 
supported on individual pedestals which are exten- 


sions of their normal foundation blocks. The operat- 


ing floor is of course at its usual position with relation 
to the compressors and is carried on a floor beam 
system supported by the compressor pedestals and 
the outside walls of the compressor building. Con- 
crete work required for a trench system often was 
about as expensive as a basement type design because 


Figure 8 
Rear view of founda- 
ton blocks in the 
bosement. Pipe lines 
for fuel gas, engine 
jcket water, and 
lubricating oil coolers 
ae suspended from 
-beams supporting 
the building floor. 
libricating oil cool- 
es are at lower left. 
shown, but in the 
ment also, are 
ating oil filters. 
e is a space of 
nearly 6 feet between 
ends of each con- 
Crete block. 
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Figure 7—Installation of volume tanks for com- 
pressor discharge is above cylinders. Note that 
low pressure tanks are across two low pressure 
cylinders of engines. Each compressor is provided 
with five cylinders compressing gas in four stages 
from 10 inches mercury vacuum to 1000 psig. 


of the complex shape and frame- 
work design time, et cetera. 

The basic foundation for all com- 
pressors and the compressor build- 
ing is a reinforced concrete mat 
280 feet in length, 35 feet wide and 
18 inches thick. Top surface of the 
mat constitutes the basement floor 
and is some 10 feet below grade 
level. 

The sketch of Figure 2 is a cross- 
sectional view showing the mat 
and concrete blocks for the engines 
and the large basement that. re- 
sulted from this type of construc- 
tion. 

The individual concrete blocks, 
almost 14 feet high, 24 feet long, 
and 11 feet wide were poured for 
each of the eight compressor en- 

gines installed -in line the length of the building. 
There is a space of nearly six feet between blocks in 
the basement. The base of the blocks is approxi- 
mately 14 feet wide. Reinforced concrete walls nine 
inches thick were built around the mat to the same 
height as the compressor engine blocks. I-beams from 
the walls to the blocks support a reinforced concrete 
floor slab designed for a live load of 400 pounds per 
square foot. 

The compressor engines were installed on the 
foundation blocks, the floor slabs poured, and the 
corrugated sheet steel compressor building erected. 
As shown in Figure 2 and in the photograph, Figure 
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Figure 9 
Expansion loops connect the lines from the compressor volume tanks to the suction and discharge headers in the plant 
yard, which are mounted on concrete piers. 


3, the welded air intake manifold for each engine was 
prefabricated from pipe and is in the concrete founda- 
tion block beneath the engine. This method elimi- 
nated running the manifold above the engines or 
alongside the foundation blocks, which would have 
increased the amount of suspended piping in the 
basement space. The connecting line to the intake 
filter outside the building crosses from the foundation 
block to the back wall of the building through an 
opening in the concrete beneath the floor slab and 
other piping that runs the length of the building. 
These lines are also above ground and are clamped to 
concrete supporting piers as shown in Figure 4. 
Exhaust silencers for the engines are behind the 
building in line with the air intake filters. Lines from 
the engines to the silencers are above the engines at 
an elevation high enough to be out of the way of 
operating personnel, Figure 5. 
Piping 

The floor level of the building is approximately five 
feet above ground level, so that piping from the suc- 
tion and distharge headers in the plant yard for the 
four compression stages enters the basement through 
the concrete wall (Figure 6) and is laid above the 
ground and clamped to concrete piers for accessibility 
and maintenance, and as a further aid in reducing line 
vibration. Since the compressors are in a single line, 
all piping to the headers is on one side of the building. 
Volume tanks, used to reduce pulsation, for the inlet 
lines are in the basement directly beneath the cylin- 
ders to which they are connected. This permits maxi- 
mum utilization of the tanks by providing header 
pressures at the compressor cylinders. Each com- 
pressor has five cylinders, two of which are used for 
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the first stage. The discharge volume tanks for these 
cylinders, as shown in Figure 7, are above the com- 
pressors across the cylinders and are supported by 
the connecting piping. 

Volume tanks in the basement are installed in a 
manner similar to those above the compressors. The 
small tank on the high pressure cylinder is beneath 
the slab floor as near as practical to the cylinder; 
whereas the larger tanks on the cylinders operating 
at lower pressure are nearer to the step at the base of 
the foundation block. This arrangement of the tanks 
is shown in the sketch of Figure 2. 

: Utilities 

Figure 8 is a photograph of the rear of the engine 
foundation blocks in the basement and shows the 
engine jacket and lubricating oil cooling water lines ~ 
and fuel gas lines suspended from the slab floor sup- 
porting beams. They dre accessible for inspection and 
maintenance. Although not shown in the photo- 
graphs, oil filters are also installed in the basement. 
Installing these items of accéssory equipment in the 
basement permits all-weather maintenance, Centrifu- 
gal pumps, driven by explosion-proof motors, supply 
cooling water circulation, and are located at one end 
of the building in the plant yard, Figure 1. 

Design of the plant is such that the compressor © 
house and basement can, be extended readily for addi- 
tional compressors, and blind flanges can be removed 4 
from the end of present headers for easy extension. | 
As the headers are all anchored, expansion loops = 
(Figure 9) were used to connect them to the com) 
pressors; thus achieving piping clearance and flexi-— 
bility. The field suction line, 42 inches in diametef, 7 
is the largest known to be in use in a gasoline plant. 
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SHELL Company of Venezuela has a 
modern refinery under construction at 
Cardon on the peninsula of Paraguana 
n the eastern shore of the Gulf of 
Venezuela. Though there is an entire 
ack of water on this barren desert, the 
site is on deep water, affording safe 
berths for deep draft ocean tankers and 
aclear run to U. S. and European ports. 


Started in 1945 


Since 1945, when the project was 
started, Shell engineers have installed 
four modern units for distilling sea 
water for drinking purposes, and addi- 
tional water for industrial and sanitary 
purposes is brought in by tanker and 
pumped from tanks to refinery and 
living quarters. Now, under joint con- 
sideration by Shell and Creole Petro- 
eum Corporation, which is also con- 
structing a refinery nearby, is the con- 
struction of a water pipe line from the 
town of Coro on the Venezuelan main- 
land, 69 miles away. 

_Current reports from the Shell staff at 
\ardon indicate that rapid progress has 
been made in transforming the desolate 
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Welding Pipes at Refinery Which Shell Company of Venezuela is building at Cardon 
on the Peninsula of Paraguana. 


desert area into the nucleus of a well- 
planned model community. Already 
completed, after 24% years, are one of 
two contemplated churches; 325 build- 
ings which already accommodate 6500 
workers; temporary electric light and 
power plants; sanitation and water sys- 
tems; a network of over 150 miles of 
roads; two of three projected ‘school 
buildings; a barber shop, beauty parlor, 
a cinema and theater for 1200 persons, 
and a cemetery and its chapel. 


Many Conveniences 


In process of construction are a large 
modern hospital, mess halls, clubs, laun- 
dry, a restaurant, a commissary, a num- 
ber of retail stores, a bank, a post 
office and many recreational facilities, 
such as a tennis court, baseball park, 
cricket pitch, a nine-hole golf course, 
and the improvement of several natural 


Construction of Chimney at Shell’s New Refining Plant on Eastern Shore of Gulf of Venezuela. 


Jetty No. 1, 1440 Feet Long and Already Completed, in Background. 
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bathing beaches. Plans have been made 

for the creation of a model commun- 

ity to house 10-12,000 inhabitants. 
Progress Despite Difficulties 


Apart from» the community aspect, 
considerable progress also has been 
made in the construction of the refinery 
and its many adjunct facilities, in spite 
of the difficulty of obtaining essential 
materials and equipment. Already com- 
pleted are 12 large storage and 15 
smaller tanks, several store material - 
buildings, extensive yard facilities, ma- 
chine, electric, instrument, welding, car- 
penter and repair shops, a central garage 
building; also automotive equipment 
maintenance shops, a rock quarry with 
rock-crushing plant, a concrete block- 
making plant, a pipe shop, a welding 
school, and two barge slipways on which 
fourteen 200-ton barges have been built. 

Under construction are many addi- 
tional tanks, a crude distilling plant, a 
vacuum distillation plant, a redistilling 
unit, a cracked products separation plant, 
two thermal cracking plants, and a ther- 
mal reforming plant. 

The first of two contemplated rein- 
forced concrete jetties is already com- 
pleted, and is now being used chiefly for 
the unloading of supplies from abroad. 
These jetties are each capable of han- 
dling simultaneously two shallow-draft 
tankers and two ocean-going tankers of 
the largest capacity. The second jetty 
was due for completion early in 1948. 


Between the Jetties 


In the area between the two jetties, 
several plants and installations are being 
erected along the ocean front: a large 
electric power plant, which will supply 
power and light for the refinery proper 
and for the extensivediving area; a salt 
water pumphouse which will provide 
cooling water for the refinery plant; a 
boiler plant containing both high pres- 
sure and low pressure boilers; a fifth 
large salt water distilling plant, and a 
boiler-feed water treating plant. 

No completion date has been set for 
the Cardon refinery, which will have a 
daily production capacity in excess of 
40,000 barrels of all types of refined 
products. 



















Applications of Thermodynamics to 
Hydrocarbon Processing 


Part X—PSEUDO-CRITICAL FOR MIXTURES 


WAYNE C. EDMISTER, Hydrocarbon Research, Inc., New York 


: computation of vapor densities in the tem- 
perature and pressuge ranges encountered in most 
hydrocarbon processes necessitates recognizing devia- 
tions from the ideal gas law. This may be done by 
the compressibility factor, the volume residual, or by 
an analytical equation of state, employing general- 
ized methods with reduced pressure and temperature 
parameters, Thermodynamic equations may use the 
same generalized methods, 
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For pure components the reduced conditions are 
calculated from the critical point and the resulting 
generalized correlations and derivations are of suffi- 
cient accuracy for practically all process engineering 
calculations.: Thermodynamic properties of mixtures 
may be computed from the properties of the individ- 
ual components by combining the partial quantities 
for the components in the proper fashion. Another 
method is to use an equation of state with constants 

from combining component con- 
stants. Both of these methods are 
lengthy for multi-component hy- 
drocarbon systems so it is de- 
sirable to use generalized methods 
where possible. In applying gen- 
eralized methods to mixtures, 
average critical conditions instead 
of true critical conditions must be 
used in computing the reduced 
temperatures and pressures for 
the system. Such an average criti- 
cal temperature and pressure was 
proposed in 1936 by Kay* and is 
known as the _ pseudo-critical 
point. By using reduced condi- 
tions computed from pseudo-criti- 


ws & cal as the dependent variables, the 
Ore ye P-V-T data fit the same general- 
Denk we ized correlations that had been 


previously developed from the 
P-V-T data of pure components. 
This is a very useful and impor- 
tant concept in the applications of 
thermodynamics to hydrocarbons. 

The pseudo-critical is ordinarily 
used with graphical correlations 
such as the compressibility factor 
or the volume residual. It may 
also be used with analytical equa- 
tions of state thus applying equa- 
tions of state developed for pure 
components to mixtures by means 
of reduced conditions calculated 
from the pseudo-critical tempera- 











ture and pressure for the entire 
mixture, 

As will be pointed out in this 
chapter, the combination of em- 
pirical equation of state constants 





TEMPERATURE ———— 
FIGURE 21 


Pressure-Temperature Plot for Typical Single and Multicomponent Systems, 


Illustrating Pseudo-Critical. 
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to obtain constants for a mixture 
is analogous to the combination of 
the critical constants of the com- 
ponents to obtain a pseudo-critical 
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constants for the mixture. Thus the pseudo-critical 
concept is no more empirical than the equation of 
state method for mixtures. 


In addition to being used to compute the vapor 
densities for hydrocarbon mixtures, the pseudo-criti- 
cal may be used to estimate the isothermal pressure 
corrections to the entropy and the enthalpy from 
generalized functions that are based upon thermody- 

namic derivations made for pure components. 

Two other applications of lesser importance for the 
pseudo-critical are the use of it as a means of corre- 
lating the true critical for mixtures, and also the use 
of it to estimate the fugacity of components in gas- 
eous mixtures where neither ideal gas nor ideal 
solution laws apply. 

In studying the pseudo-critical concept, it is of 
interest to have in mind the five different reference 
points that will be utilized in applying thermody- 
namics to hydrocarbons. They are as follows: a) true 
critical, b) pseudo-critical, c) focal point, d) cricon- 
dentherm, and e) convergence pressure. Of these 
five reference points, the 


ponents is relatively easy and straightforward as far 
as critical temperature is concerned, but very diffi- 
cult and complex as far as the critical pressure is 
concerned. The critical temperature of a mixture is 
the weight average of the critical temperatures of 
the components. The critical pressure, on the other 
hand, is no simple average of the component critical 
pressures, and in fact may be greater in value than 
the critical pressure of any of the components of the 
systems, Mixture critical pressures are dependent 
upon the width of the fraction and upon the distribu- 
tion of components. 

Several attempts have been made to correlate the 
critical conditions of hydrocarbons and petroleum 
fractions.” > * 722 Most of this work has been for 
petroleum fractions as defined by the A.S.T.M. dis- 
tillation and gravity, which is necessary because of 
the accepted practices for characterizing petroleum 
fractions. It is, nevertheless, awkward to haVe critical 
conditions as a function of °API and ASTM when 
it comes to making thermodynamic computations for 
the fraction, particularly 
for those mixtures that are 





true critical is used in all 
generalized computations 
for pure components 
whereas the pseudo-criti- 
cal is used for generalized 
computations for mix- 
tures. The focal, cricon- 
dentherm, and converg- 
ence pressure points are 
used in multicomponent 
hydrocarbon phase equi- 
libria computations. 


The Critical Point 

In Part VII (PETROLEUM 
REFINER, January, 1948), 
the P-V-T relationships 
for single and multicom- 
ponent systems were illus- 
trated by diagrams show- 
ing three different meth- 
ods of plotting. On each 


correlations. 





I, THE application of thermodynamics to hydrocarbon 
processing, one of the most useful tools is the pseudo-critical 
concept. The pseudo-critical conditions are used in calculat- 
ing reduced pressures and temperatures for hydrocarbon mix- 
tures in the same way the true critical conditions are used for 
pure components, thus fitting both single and multicomponent 
systems into the same generalized correlations. The pseudo- 
critical temperature and pressure are hypothetical properties 
of hydrocarbon mixtures, the values depending upon the 
composition of the system. Pseudo-critical temperatures and 
pressures are calculated from the true critical temperatures 
and pressures of the components by empirical equations or, 
alternately, they are found directly from gravity and boiling 
point characteristics of the mixture by means of graphical 


Although the pseudo-critical concept was proposed more 
than a decade ago, its potentialities have not yet been fully 
realized. In addition to the computation of vapor densities for 
hydrocarbon mixtures, pseudo-criticals may be used in esti- 
mating the isothermal pressure corrections to the entropy and 
enthalpy for multicomponent systems. Also, pseudo-critical - 
may be used to predict the true critical of a mixture and to 
estimate the fugacity of a multicomponent vapor. 


just too heavy to define 
conveniently by the com- 
ponent analysis method. 

Watson and Nelson™ 
correlated critical tem- 
perature as a function of 
molal average boiling 
point, and found critical 
pressure from a Cox chart 
by a graphical method 
employing a focal point 
which was located on an 
average boiling point line 
beyond the critical tem- 
perature a distance of one- 
fifth of the distance be- 
tween the atmospheric 
boiling point and the criti- 
cal point, also measured 
along the average boiling 
point line. 

Smith and Watson* cor- 








of the resulting six dia- 
grams, the critical point is 
indicated by a small circle at the top of the two phase 
boundary curve. The critical point of either pure com- 
ponent or mixture is the juncture of the saturated 
liquid and saturated vapor lines. On P-T scales these 
two curves coincide to form a single vapor pressure 
line for a pure component, On P-V and V-T scales, 
the saturated liquid and vapor lines for pure compo- 
nents bound two phase areas, In all three plots, 
namely P-T, P-V and V-T, for mixtures the saturated 
liquid and vapor lines bound two phase areas, inter- 
secting at the critical point. 

Thus, it can be seen that the critical point is 
always on the two ‘phase border curve for both 
single and multicomponent systems. Lines of con- 
stant quality, i.e., percent vaporized, drawn in the 
two phase area converge at the critical point for 
both pure components and mixtures. 

The critical point may be determined experiment- 
ally for either mixed or pure systems. Observed criti- 
cal data are available in the technical ‘literature. In 
Table 13 of Part VII, critical constants are given for 
32 hydrocarbons, 

The estimation of critical conditions for hydrocar- 
bon mixtures from the values for the individual com- 
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related true and pseudo- 

critical temperatures on the same plot, using average 
boiling point (weight average for true critical and 
molal average for pseudo-critical) and gravity. These 
authors point out that the lack of both true critical 
and pseudo-critical data for the same mixtures makes 
the development of correlations difficult. The situa- 
tion has not changed much in the ten years since 
Smith and Watson made this observation, However, 
they developed two correlations for the pseudo-criti- 
cal pressure, one as a function of mean average boil- 
ing point and gravity, and the other as a function of 
molecular weight and gravity. Also presented by 
these authors is a relationship between the ratios of 
true to pseudo-critical pressure and true to pseudo- 
critical temperature. By means of this relationship, 
observed true critical pressure data were used in 
developing the pseudo-critical pressure correlations. 
In 1942, Kurata and Katz® presented experimental 
critical data on eleven volatile hydrocarbon mixtures. 
These authors also present correlations for true and 
pseudo-critical. These correlations use in addition to 
the calculated (from composition and individual criti- 
cals) pseudo-critical temperature and pressure, an 
“equivalent” molecular weight in determining the 
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critical temperature and pressure of volatile hydro- 
carbon mixtures. 

From the above discussion; it can be seen that the 
relationship between true and pseudo-critical is 
complex. 


Pseudo-Critical Phenomenon 


In the study of thermodynamics, the pseudo-criti- 
cal point is of interest because it simplifies the appli- 
cations of the theory to hydrocarbon mixtures. In 


this connection, it is of interest to note that modified 
criticals have been applied to pure. components to 
improve the accuracy of generalized thermodynamic 
correlations. This involves using empirically modified 
critical constants for those components where such 
changes would improve the reduced correlations. This 
is what Newton’ did in 1935 for helium, hydrogen 
and neon to make the compressibilities of these gases 
fit a compressibility vs. reduced pressure and tem- 
perature plot prepared for other gases, including hy- 
drocarbon, organic, inorganic, etc., 
gases. 





| . aa . 
In order to avoid confusion, the 
term pseudo-critical will be used 
only for mixtures. Where critical 





points of gases are adjusted to im- 
prove the P-\V-T correlation, the re- 
viséd pure component critical values 





will be called modified critical con- 
ditions. 
By 1936 several authors had 





correlated the compressibility fac- 
tors, or deviations from ideal gas 
laws, for pure hydrocarbons with 





reduced temperature and pressure. 
Kay* observed that the data. for 
complex mixtures deviated widely 








from the pure hydrocarbon plots 
when plotted by the same general- 





ized method using the critical con- 





























being due to the improper selec- 
tion of the critical reference point, 
which prior to this time had been 











the true critical for the mixture. 
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REDUCED PRESSURE, P, 


To remedy this situation, Kay 
proposed the pseudo-critical. 
The pseudo-critical concept was 
illustrated by Kay in his 1936 arti- 
cle by a drawing similar to Figure 





OBSERVED ISOTHERMS FOR 
HYDROCARBON MIXTURE 


21. On the pressure-temperature 
scales of this plot are shown: a) 
the vapor pressure curve of a pure 





0.9 


component, b), the phase (liquid- 
vapor) border curve of an equiva- 
lent mixture, c) lines of constant 





0.8 is. =) 


volume for both single and multi- 
component systems, and d) the 
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critical of the pure component and 
pseudo-critical of the equivalent 
mixture. 
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In proposing the pseudo-critical 
and describing this diagram, Kay 
explained that the lines of con- 
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stant volume for the mixture and 
pure component would coincide if 
both single and multicomponent 
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a systems were plotted on reduced 
temperature and pressure scales, 

0.3 \ ae using the common reference point 
X\ Lee indicated. It will be noted that the 

— isometrics for both systems con- 

0.2 : ~—+~—4+ verge at this point. The true criti- 
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PRESSURE, P.S.I.A % 
FIGURE 22 
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Compressibility Plots for Reference Component and Mixture, Illustrating Method of Finding 


Pseudo-Critical. 
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cal of the mixture is located on 
the dome of the border curve. The 
fact that reduced isometrics do 
not coincide for different pure 
components on the P, vs. T; scales 
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does not invalidate the pseudo- 
critical method: 

From the phase diagram in Fig- 
ure 21, it is clear that the pseudo- 
critical of a mixture differs from 
the true critical of the mixture by 
an amount depending upon the 
boiling point and range of the 
mixture, etc. The critical condi- 
tions are definite properties of a 
mixture whereas the pseudo-criti- 
cal conditions are hypothetical 
properties. The true critical con- 
ditions may be measured experi- 
mentally in the laboratory where- 
as the pseudo-critical must be 
found by indirect means. 

On the P-T phase diagram for 
a mixture, the lines of constant 
percent vaporized in the vapor- 
liquid region converge at the two 
phase critical point, which is also 
the juncture of the saturated 
liquid and saturated vapor or bubble 
and dew point curves. 
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FIGURE 23 


Pseudo-Critical Temperature and Pressure as Function of Molecular Weight and Characterization 


Factor. 


[Redrawn from Figure 8, page 1019, of W. B. Kay’s “Density of Hydrocarbon Gases and Vapors,” 


Ind. Eng. Chem., 28, p. 1014 (1936).] 


Determination of Pseudo-Critical 


As shown in Figure 21, the use of an average or 
pseudo-critical point for mixtures will permit fitting 
P-V-T of mixtures to pure component correlations. 
In order to make use of this concept, there must be 
a method of predicting the pressure and temperature 
conditions of the pseudo-critical point. 

The pseudo-critical temperature and pressure of a 
mixture cannot be measured directly because it is a 
hypothetical property depending upon P-V-T behavior. 
Accordingly, the pseudo-critical conditions must be de- 
termined indirectly. Kay found the pseudo-critical con- 
ditions for eleven hydrocarbon mixtures by making 
experimental P-V-T determinations, and from these data 
finding, by means of plots, the pseudo-critical tem- 
peratures and pressures required for each mixture to 
make the observed P-\V-T data fit on a compressibility 
plot such as Figure 19 of Part VIII (PETROLEUM 
REFINER, February, 1948). These pseudo-critical condi- 
tions were then correlated and a method presented 
for estimating the pseudo-critical for any hydrocarbon 
mixture from its composition or its ASTM distillation 
characteristics. The correlation and prediction of the 
pseudo-critical temperatures and pressures will be 
discussed later. 

Figure 22 illustrates the way Kay found these 
pseudo-criticals. First, a reference PV/RT plot was 
prepared from pure hydrocarbon data on transparent 
semi-log paper, using reduced temperatures and re- 
duced pressures. The upper plot in Figure 22, which 
isa replot of Figure 19, is this reference plot. Second, 
the observed PV/RT data for the mixtures were 
plotted on the same kind of graph paper, but using 
actual temperatures and pressures instead of reduced 
conditions. The lower plot of Figure 22 is one of these 
observed data plots. Eleven plots like this one were 
made, one for each mixture studied. Only those tem- 
peratures for which experimental data were taken 
were included on these plots. 

The observed isotherm plots were then matched 
up with the reference plot, one at a time, so that the 
PV/RT scales coincided and the observed mixture 
isotherms coincided with the reduced isotherms on 
the reference plot. This was done against a window 
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pane by first lining up the PV/RT scale and then 
shifting the two plots along the pressure scale until 
the isotherms coincided. 

When the two graphs were thus matched up, the 
values of the pseudo-critical temperature and pres- 
sure required for the mixture to give reduced tem- 
peratures and pressures corresponding to the refer- 
ence plot were determined by the matching posi- 
tion, Logarithmic pressure scales of the same cycle 
length were used for both plots because this de- 
termined pressure scales that only differed by a con- 
stant amount, which made it possible to match up 
the isotherms. This is easily understood by consider- 
ing the relation: 


log P, = log P — log P- 


Where: P, is the critical or pseudo-critical pres- 
sure. 

When the isotherms on the “reference” and “un- 
known” plots are matched, the pseudo-critical pres- 
sure and temperature of the mixture are found from ’ 
the readings of both plots at coinciding points. 

From the values of the pseudo-critical temperatures 
and pressures thus found by these graphical analyses 
of observed mixture compressibilities, Kay developed 
two correlations for estimating the pseudo-critical 
conditions for multicomponent hydrocarbon systems. 
One ‘of the correlations proposed by Kay uses the 
mixture composition and the criticals of the individ- 
ual components. The other correlation uses the Wat- 
son-Nelson (UOP) characterization factor and the 
molecular weight. 

The above describes the graphical method used by 
Kay in finding the pseudo-critical conditions for 
eleven hydrocarbon mixtures. A mathematical method 
could be used for finding the pseudo-critical, For 
pure components the critical isotherm on P-V scales 
has an inflection at the critical point so that 
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FIGURE 24 
Critical Temperatures of Hypothetical Hydrocarbon Components as 
Function of Atmospheric Boiling Point and Gravity. 


With an analytical equation of state with empirical 
constants fitted to the P-V-T data, the first and 
second derivatives of pressure with respect to volume 
may be found and equated to zero, thus giving two 
equations that may be solved simultaneously with 
the original equation of state to find the values of 
pressure, volume and temperature at the critical 
point. This is the way the equations giving the van 
der Waals constants a and b as functions of ‘T, and 
P. were obtained (see equations 165 and 166 in Part 
VIII). 

For a mixture, the pseudo-critical isotherm would 
have an inflection point if drawn through two phase 
field, which it could be from an equation fitted to 
experimentally determined P-V-T data. Figure 15 in 
Part VII shows the difference between the P-V plots 
for single and multicomponent systems but does not 
show the critical and pseudo-critical isothernfs nor 
the points of inflection thereon. However, it follows 
from the nature of the equations that such a point 
exists. 

In stating that an inflection point occurs on the 
pseudo-critical isotherm for a mixture, it is assumed 
that the use of pseudo-critical temperature and pres- 
sure as the reference point for computing reduced 
conditions makes it possible to correlate both single 
and multicomponet compressibilities in one general- 
ized correlation. 

Theoretically, the above could be done but it would 
not be very practical because of time required for 
fitting the equation of state to the experimental 
P-V-T data, differentiating this equation to get the 
first and second derivatives and then solving these 
three equations simultaneously. Also, most equations 
of state are not rigorously accurate in all ranges, 
particularly in the critical region. In applying equa- 
tions of state, it is customary to make residual cor- 
rections or to employ graphical methods in the criti- 
cal region. It appears that the method used by Kay 
is the most practical, accurate and consistent pro- 
cedure for determining the pseudo-critical conditions 
of a mixture. 


Estimation of Pseudo-Critical Conditions 

For the light hydrocarbon mixtures, which are 

usually defined by component composition, Kay pro- 

posed obtaining the pseudo-critical conditions as the 

summation of the products of the mol fraction and 

the critical points of the individual components, Ex- 
pressed mathematically 

Tre => =xiTe, (193) 


Poe = =xiP., (194) 


138 =: {217} 


where: Type = the pseudo-critical temperature of the mixture 
Pye = the pseudo-critical pressure of‘ the mixture 
xi = mol fraction of the it® component 
Te, and P., = true critical conditions of the it® com- 
ponent. 


Although the relationships given by equations 193 
and 194 were obtained from observations on light 
hydrocarbon mixture P-V-T data and are most gen- 
erally used for the light hydrocarbon mixtures, it 
appears that these relations should be equally appli- 
cable to all hydrocarbon mixtures for which the com- 
position and critical conditions of the individual com- 
ponents are known. 

For the higher boiling mixtures, the exact com- 

ponent compositions are usually not known. In some 
cases there are components for which there are not 
reliable-critical data. These two situations make em- 
pirical correlations employing average properties of 
the mixtures desirable for the pseudo-critical condi- 
tions. 
Figure 23 is the correlation proposed by Kay. In 
this chart both pseudo-critical pressure and tempera- 
ture are plotted against molecular weight for lines 
of constant characterization factor. This correlation 
was developed by Kay from the pseudo-critical data 
he obtained plus the critical data on pure hydrocar- 
bons. The pure component data were included be- 
cause this is the limiting case for the correlation and 
because using these additional data gave more points 
and made it possible to develop a more complete cor- 
relation. In constructing this plot, Kay used modified 
scales that gave straight lines in order to permit 
extrapolating to the high molecular weight range. 
The smoothed and extrapolated data were then re- 
plotted to get Figure 23. 

As originally proposed and applied, these two 
methods (equations 193 and 194 and Figure 23) were 
both used, For light gaseous hydrocarbon mixtures 
of known composition usually consisting of one to 
five carbon atom hydrocarbons, equations 193 and 
194 were used to estimate the pseudo-critical tem- 
perature and pressure. For petroleum fraetions of 
known gravity and ASTM distillation, Figure 23 
was used. 

When the multicomponent system in question con- 
tains both light gaseous hydrocarbons and a petro- 
leum fraction (such as naphtha, kerosine, gas oil, 
etc.), the pseudo-critical conditions may be found in 
two alternate ways. If the amount of gas is small in 
proportion to the quantity of the petroleum fraction, 
Figure 23 may be used with the molecular weight 
and K factor for the entire mixture. In obtaining the 
latter, an ASTM distillation curve for the entire 
system may be constructed by correcting the ASTM 
of the petroleum fraction for the carrying effect of 
the light gaseous hydrocarbons. 

Another procedure for estimating the pseudo-criti- 
cal conditions of such wide mixtures is to find the 
pseudo-critical conditions for the light gaseous liydro- 
carbon mixture and the petroleum fraction separately, 
using equations 193 and 194 for the gaseous portion 
and Figure 23 for the liquid fraction, and combining 
these pseudo-critical constants by the relative molal 
quantities of the gaseous and liquid portions. 


Pseudo-Critical in Generalized Equation of State 


With the pseudo-critical concept the P-V-T data 
for mixtures can be correlated by graphical methods, 
such as the PV/RT plot used by Kay in developing 
the pseudo-critical. This suggests the possibility of 
using the pseudo-critical and generalized reduced 
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equations of state for mixtures. Much of the work 
that has been done on the development of generalized 
equations of state for pure components, where true 
criticals were used, is of interest in considering a 
similar type of equation for mixtures using pseudo- 
critical constants. 

Maron and Turnbull® calculated Beattie-Bridgeman 
equation of state- constants for various gases from 
the constants of a reference gas (nitrogen) and the 
critical temperatures and pressures of the gas ‘in 
question and the reference gas. In converting any 
one of the constants from the reference gas value to 
the value for the other gas, the ratios of critical tem- 
peratures and pressures of the two gases are used as 
multiplying corrections in a manner determined by 
the character of the particular portion of the equation 
of state where the given constant appears. This last 
consideration determines the power to which these 
ratio of critical temperatures and pressures must be 
raised. 

Maron and Turnbull also developed generalized 
equations for the thermodynamic properties by: a) 
obtaining a generalized equation for the activity co- 
efficient by substituting the approximate explicit-in- 
volume form of the Beattie-Bridgeman equation of 
state into the activity coefficient equation, integrat- 
ing and converting to reduced units, and then evalu- 
ating the constants, b). from this generalized activity 





coefficient equation the other thermodynamic prop- 
erties are formulated. 

Su and Chang® generalized the Beattie-Bridgeman 
equation of state in another way. These authors 
started out with the original Beattie-Bridgeman equa- 
tion of state (equation 167 of Part VIII) written 
with reduced pressures, temperatures and volumes 
in place of actual P, T and V terms, and with five 
generalized constants in place of the original con- 
stants. The form of the equation was not changed 
but the terms were made dimensionless. In this re- 
written generalized equation, the reduced volume 
was the actual volume divided by the ideal critical 
volume V,; = RT./P. which gets around the uncer- 
tainty that exists about the values of the actual criti- 
cal volume. The reduced constants were evaluated 
from known specific constants of various gases and 
compared. This method of evaluation involved using 
only the critical pressure and temperature and the 
empirical constants for a given gas. 

Another method used by these authors in evaluat- 
ing the reduced constants was to work direct from 
compressibility data, which constants were shown 
to agree very well with the average of those obtained 
by the first method for eleven lighter gases from 
argon through n-butane. The “generalized” constants 
obtained from different sets of “specific” constants 
do not vary widely for these lighter gases but higher 
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FIGURE 25 


Critical Pressures of Hypothetical Hydrocarbon Components as Function of Atmospheric Boiling 
Point and Critical Temperature. 
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PSEUDO-CRITICAL TEMPERATURES OF PETROLEUM FRACTIONS 
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FIGURE 26 


Pseudo-Critical Temperature as Function of V.A.B.P. and Gravity. 


(Developed from W. B. Kay's correlation, Figure 23, by combining with molecular weight correlation, Figure 14 (Part VII), and definition of 
U.O.P. Characterization factor.) 


boiling hydrocarbons, such as heptane, do not appear 
to fit into this generalization very well. 

From the way the P, vs, T, for lines of constant 
V. (Figure 17) and Log V, vs. T, for lines of con- 
stant P, (Figure 18) plots show the spread between 
methane and n-pentane, it would not be expected 
that such a generalized equation of state as proposed 
by Su and Chang would apply to the hydrocarbons. 
The generalized activity coefficient method has better 
possibilities of success. 

The work discussed above was on pure compo- 
nents. There is every reason to expect the same 
methods and equations to apply to mixtures if the 
pseudo-critical conditions are used instead of the 
true critical. 

Su, Huang and Chang’® extended the work of Su 
and Chang® to mixtures by using the pseudo-critical 
conditions. In this work the pseudo-critical tempera- 
tures and pressures were found by Kay’s linear molal 
average method, i.e. equations 193 and 194, and the 
ideal critical volume for the mixture was: computed 
from the pseudo-critical temperatures and pressure. 
Su, Huang and Chang’® found that the generalized 
equation of state could be applied to gas mixtures 
with good accuracy by using pseudo-critical condi- 
tions tor the mixture. They also show the similarity 
between this method of applying a generalized equa- 
tion of state by the pseudo-critical with the usual 
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method of combining the equation of state constants 
for a mixture. 


Pseudo-Criticals from Equation of State Constant 
Combination 


In considering the extensive application of the 
pseudo-critical point to the preparations of charts 
and tables for design purposes, it is of interest to 
examine the methods of estimating the values of 
Type and P,. and improve the methods, if possible. 
Equations for the pseudo-critical can be derived by 
the methods used in combining equation of state 
constants. This is very complicated for equations of 
state containing more than two empirical constants. 
Joffe did this with the van der. Waals equation to 
obtain two methods of estimating the pseudo-critical 
constants. 

In developing both methods, Joffe combined the van 
der Waals a constant in the usual method, namely, 

a”? = Zx,ai"” 
but he combined the b constant differently. In one meth- 
od he used van der Waals’ suggestion 

b = Exib (196) 
while in the second he used the Lorentz, which is much 
more complex, being 

b= A /6 Snes (b,"@ a b;**)* 


(195) 


(197) 
Using equations 195 and 196 along with equations 165 
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and 166 gave Joffe the following equations for the 
pseudo-critical point : 


ace - > x pon (198) 

Tre . 

Te 499 
c cj 


where: the terms are the same as defined under equations 
193 and 194. 


Equations 198 and 199 were shown fo be slightly 
better than equations 193 and 194 but they are obviously 
more complex. 

Joffe developed the other pair of equations by combin- 
ing equations 195 and 197 with equations 165 and 166. 
The resulting equations from this combination have the 
objection of the complex Lorentz relationship. This sec- 
ond set of equations developed by Joffe are: 


Te kes 

oa = > « pain (200) 
Toe a. (= cy (G) 

= 1/8 D xv ( P., + P., (201) 


1j 

This last equation is evaluated by combining all com- 
ponents in the system in pairs, each one with every 
component present, including itself, in the way shown 
to the right of the summation sign and then summing 
up these binary combinations. This way of writing the 
equation, i.e., using “i” and “j,” etc., is a mathematical 
shorthand way of expressing this combination. 
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From data available on pseudo-criticals, it cannot be 
concluded definitely that these more complex methods of 
finding the pseudo-criticals are justified. They are car- 
tainly more complex and time consuming. Further in- 
vestigations are necessary to settle this point. 

Joffe compared these two methods, i.e. equations 198 
and 199, and equations 200 and 201, with Kay’s linear 
molal average method, equations 193 and 194 for five 
binary mixtures of. N, CO, and hydrocarbons, and 
found that equations 200 and 201 method is the best 
of the three methods for a total of 305 P-V-T points, 
and that the method represented by equations 198 and 
199 is only slightly better than the linear molal average 
method. 

Following are the average and maximum deviations 
of computed volumes from observed volumes for the 
five mixtures by Kay’s method and Joffe’s second 


method. 














ioe Joffe—2nd 
Equations 193 and 194 | Equations 200 and 201 
Average Deviation, Percent........... 1.83 to 3.03 : 1,07 to 2.26 
Maximum Deviation, Percent......... 3.75 to 10.2 3.17 to 4.50 





This comparison is for binary mixtures. A more 
severe test on multicomponent mixtures, particularly 
where no one single component dominates the mixture, 
or is more than say 75 percent of the mixture, would be 
of interest. 

Both of Joffe’s methods were tried for the follow- 
ing four component hydrocarbon mixture and the 
resulting pseudo-critical temperatures and pressures 
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Pseudo-Critical Pressure as Function of V.A.B.P. and Gravity. 
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were compared with the results obtained by Kay’s 


method. 
Composition 


Propane 
Butane 


Pseudo-critical calculations by Kay’s method (equa- 
tions 193 and 194) and by Joffe’s first (equations 198 
and 199) and second (equations 200 and 201) methods 
are given below: 








Jofie’s 2nd Method 


Kay's Method Joffe’s Ist Method 
Equations 200 and 201 


Pseudo- 
Equations 193 and 194 | Equations 198 and 199 


Critical 





Tpe, “R 608 616 626 
Poe, peia 627 618 640 








Joffe’s equations are too awkward for routine work. 
For the time being, it seems best to continue using 
Kay’s method of computing pseudo-critical.constants. If 
future P-V-T data on mixtures indicate that equations 
193 and 194 are not adequate, it might be better to 
develop a residual correction term correlation for each 
equation than to derive entirely new relationships. This 
seems best because the simple linear molal average, rep- 
resented by equations 193 and 194, is so close to the cor- 
rect average that a residual would be of small magni- 
tude. There is a possibility of using Joffe’s equations 
to develop this graphical residual correction to the 
pseudo-critical temperatures and pressures. This work 
should be supplemented by more experimental P-V-T 
data on multicomponent mixtures to find the required 
pseudo-criticals. 


Critical Values of Hypothetical Components 


When the composition of a mixture is known, 
the critical temperatures and pressures for the indivi- 
dual components may be obtained from tables of 
critical properties, such as Table 13 in Part VII, and 
the pseudo-critical temperature and pressure com- 
puted from equations 193 and 194. 

In the gasoline and naphtha boiling range, the ex- 
act compositions are not usually known. One way to 
handle such mixtures is to break down the fraction 
into narrow boiling groups of components, which 
may be called hypothetical components, and treat 
each as if it were a pure component. 

This hypothetical component breakdown is made 
by dividing the true boiling point curvé into plateaus. 
The gravities and boiling points of these hypothetical 
components make it possible to estimate their prop- 
erties and combine to get the properties for the 
mixture. 

Figures 24 and 25 are included for estimating the 
critical temperatures and pressures of the hypo- 
thetical components. Both these plots were prepared 
from the critical constants of pure hydrocarbons. In 
Figure 24 the difference between the critical tem- 
perature and atmospheric boiling point is shown as 
a function of atmospheric boiling point and gravity 
with curves drawn on for paraffins and olefins, 

Figure 25 is a nomograph employing logarithm of 
pressure and reciprocal of absolute temperature scales, 
e.g. the Cox chart scales. With Figure 25 the critical 
pressure of a narrow boiling hypothetical hydrocarbon 
component is found from the critical temperature and 
atmospheric boiling point. An example illustrates the 
use of Figure 25 where a hypothetical component with 
a critical temperature of 510° F. and an atmospheric 
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boiling temperature of 185° F., is found to have a 
critical pressure of 495 psia. 

Critical temperatures and pressures from Figures 
24 and 25 for hypothetical components are combined 
by equations 193 and 194 to give the linear molal 


average pseudo-critical conditions. 


Pseudo-Criticals for Natural Gas 
Brown and Holcomb’ plotted the calculated ( 
Kay’s method, equations 193 and 194) pseudo-critical 
temperatures and pressures against gas specific gray- 
ity (relative to air) for light hydrocarbon gaseous 
mixtures, i.e. natural gas between gravities of 0.55 
and 0.9 (molecular weights of 16 to 26). The pseudo- 
critical pressure points fell on a straight line with 
good agreement. A straight line could be drawn 
through the pseudo-critical temperature points also 
although the agreement was not as good as for the 
pseudo-critical pressure. 
Equations for this approximate correlation of 
Brown and Holcomb’ (written by this author) are: 
Tye = 190 + 283G (202) 
Pye = 710 — 60G (203) 
where: Tye = pseudo-critical temperature, °R 
Pye = pseudo-critical pressure, psia. 
G= gas gravity (air = 1.0) 
G — Mol. Wt. 
29.0 


These equations are approximate and only for nat- 
ural gas. It is preferable to compute the pseudo- 
critical temperatures and pressures from composi- 
tions and critical conditions for components where 
such data are available. 


Pseudo-Criticals for Petroleum Fractions 

The plot presented by Kay (see Figure 23) has 
been replotted as direct functions of the ASTM dis- 
tillation and gravity properties of the petroleum 
fractions. This is a straight-forward operation be- 
cause both the molecular weight and the Watson- 
Nelson characterization factor are functions of the 
ASTM distillation curve and the gravity. See equa- 
tion 153 and Figure 14 of Part VII. The charts 
given as Figures 26 and 27 were prepared by com- 
bining equation 153, Figure 14 and Figure 23. Ex- 
amples are indicated by dashed lines on Figures 26 
and 27. 

With pseudo-critical conditions, most of the ther- 
modynamics developed for pure components may be 
applied to mixtures. 
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EDWARD G. SCHEIBEL 


A Lot Crowded 
Into His 31 Years 


| rr G. SCHEIBEL, author 
of “Multi-Component Distillation Frac- 
tionation Calculations” (page 92) and 
“Nomograph for Equilibrium Flash Cal- 
culations” (soon to appear) is a compara- 
tive youngster as chemical engineers 
go, but he has a record that would do 
credit to one 15 years older. Catalogued 
it goes like this: 

Born in Brooklyn in 1917. 

Training—B.S. in Ch. E., Cooper 
Union Inst. of Tech., 1937; M. Ch. E., 
1940 and D. Ch. E, 1943, Polytech. Inst. 
of Brooklyn; prof. eng. license, New 
York, 1944. 

Positions—Plant supt. H. C. Bugbird 
Co., Inc., 1937-42 in charge of plant mfg. 
barium nitrate, potassium nitrate, stron- 
tium carbonate and strontium chloride. 

Process eng., M. W. Kellogg Co., 
1942-43 where he worked on design of 
light ends recovery plants, alkylation and 
isomerization units. (Biggest job—proc- 
ess design of extractive dist. units for 
separation of butane-butylene cut with 
acetone-water solvent.) Also worked on 
extractive dist. of toluene. 

Process eng., Hydrocarbon Research, 
Inc., 1944-45 where he was primarily 
concerned with design of oxygen plants 
(with 8 patent applications taken out in 
his name on oxygen processes and equip- 
ment for the low temperature separation 
method.) 

Currently connected with Hoffman-La 
Roche, Inc., where his main work is 
with development of various dist. and 
extraction processes but involves all 
fields of chem. eng. 

Polytech, Inst. of Brooklyn, research 
associate, 1943-44; part-time instruction 
in Ch. E, since 1942; appointed adjunct 
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prof. in Ch. E., 1945. Instituted and 
presents following courses: Calculation 
of absorption operations, calculation of 
extraction operations, calculation of dist. 
operations, interpretation of ch. eng. 
data, and instrumentation and process 
control. 

Societies—Member ACS and Junior 
member A.I.Ch. E. and Chemists’ Club 
of N. Y. Also member Phi Lambda 
Upsilon and Sigma Xi, 

Other facts: Married, one child, Num- 
erous hobbies including fishing, swim- 
ming bowling, pool, all- card games, 
tennis, stamp and coin collector, photog- 
raphy. (Doesn’t have a whole lot of time 
for hobbies, so he “concentrates on them 
one at a time.”) Likes to do mechanical 
work, does all repairs on his car, also 
makes improvements on the Scheibel 
bungalow at Rockaway Point, Long 
Island. ‘‘Enjoys most just working 
around all day in my bathing suit and 
I look forward to spending summers 
at the ocean.” Editor’s Comment: Who 
wouldn’t!) 


Enjoys All Colorado 
University Victories 


Las BRAY’s contribution to this 
month’s natural gasoline processing 
portfolio is entitled “Practical Considera- 
tions in Process Design of Fractiona- 
tors” which commences on page 115. 

Bray, who is a native Coloradan, was 
graduated from the state university at 
Boulder in 1941 with a B.S. in chemical 
engineering. Then shortly afterward, he 
went to work for Phillips Petroleum 
Company and he has retained that same 
connection throughout his professional 
career. 

His first work for Phillips was in that 
company’s natural gas and gasoline de- 
partment. In 1942-43 he worked on the 
process design of fractionators for the 
Plains butadiene plant, located at Bor- 
ger, Texas. After that plant started 
operation in the summer of 1943, he 
served as a process engineer at the 
plant, again in the fractionation section, 
until the fall of 1946, during the last 
year of which he was section leader. 
Since that time he has been a technical 
assistant in the Bartlesville, Okla., office 
of the Defense Plant Division, which 
operates the Plains plant. 

So much for his working days. 

Bray is married and has a son, Pat- 
rick, who is 2% years old. In Borger, 
he served as a scoutmaster of the Boy 
Scouts and although Dad doesn’t admit 
it, Patrick must be taking more time 
because Bray hasn’t been active in scout- 
ing since moving to Bartlesville. 


Most sports, particularly those of the 
University of Colorado, claim Bray as 
an enthusiastic follower. However, the 
only sport in which he is active is golf. 
His score? Well, if you can’t break 80 
pretty regularly, then you won't have 
to give him any strokes. 

Bray is a member of the First Presby- 
terian church, the Junior Chamber of 
Commerce, American Institute of Chem- 
ical Engineers, Tau Beta Pi, Sigma Tau 
and Alpha Chi Sigma. 


JOSEPH E. BLUDWORTH 


Betting on Future 
Of Chemical Industry 


| Fee E. Bludworth, author of the 
article beginning on page 110 of this 
issue, “Some Aspects of the Industrial 
Oxidation of Lower Aliphatic Hydro- 


carbons,” is a petroleum and chemical 
consulting engineer with offices in 
Corpus Christi and Houston, Texas. He 
has been active in the design and con- 
struction of various petroleum chemical 
plants in the Gulf Coast area. Currently, 
he is coordinating the chemical engineer- 
ing for the $15 million McCarthy Chemi- 
cal Company plant at Winnie, Texas, 
with Fomac Engineers, the Houston 
firm with which he is associated. 

Bludworth hails (believe it or not) 
from Flatonia, Texas (about 90 miles 
from San Antonio), and entered the pe- 
troleum industry by working for the 
old firm of Chestnut and Smith (now 
part of Lone Star Gas Company), where 
he assisted other company technicians in 
development work on high pressure nat- 
ural gas processing. f 

A hard working, straight-forward indi- 
vidual, Bludworth decided to stake his 
future on his confidence that the chemi- 
cal industry was in for big things. Later 
he opened consulting offices in Dallas, 
Texas. While there he perfected several 
processes that attracted national interest 
in the chemical industry. 

In 1934 he joined Celanese Corpora- 
tion of America, where he was director 
of petroleum chemicals research and de- 
velopment until he returned to consult- 
ing work some 12 years later. He moved 
to Corpus Christi t 1943, when ground 
was broken for the Celanese Chemical 
plant at Bishop, which was designed and 
constructed under his. supervision. This 
plant reputedly produces more formalde- 
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hyde (one of the plant’s many chemi- 
cals) than was produced in the U. S. 
before World War II. 

Bludworth believes that the chemical 
plants now being built are only the fore- 
runners Of a rapidly expanding new 
phase of industry involving mass pro- 
duction by simple methods of chemicals 
from petroleum, particularly natural gas. 
In his opinion, the chemist can ulti- 
mately achieve any desired results with a 
hydrocarbon, and he has pointed out 
that all hydrocarbons, including those 
considered waste products, are suitable 
for making valuable compounds. He in- 
sists, however, that the objective be 
based on market demand before develop- 
ment is continued. 


Colwyn Medal Goes 
To Dinsmore in June 


In recognition of his work in synthetic 
rubber research, development and appli- 
cation to product, and as a tribute to the 
American rubber industry’s achievements 
in this field during the war, presentation 
of the Cglwyn Gold Medal for 1947 will 
be made June 25 in London, England, 
by the Institution of the Rubber Indus- 
try to Dr. Ray P. Dinsmore, vice presi- 
dent in charge of research for The 
Goodyear Tire & Rubber Company. 

Dr. Dinsmore, who was assistant dep- 
uty rubber director for the United States 
during the war until May, 1943, orga- 
nized and directed research and devel- 
opment work on synthetic rubber for 
the government and coordinated the 
activities of both industrial and univer- 
sity laboratories, after which he returned 
to industry to follow through on syn- 
thetic rubber’s application to rubber 
product manufacture. 

The Colwyn Medal is awarded for 
conspicuous services of a scientific or 
technical character, having an important 
bearing upon the rubber industry. 


California Standard 
Position for Brown 


G. Stewart Brown, former State De- 
partment official, has been named man- 
ager of the public relations department 
of Standard Oil Company of California. 

Brown, for many years a foreign cor- 
respondent in Europe, has had a wide 
variety of experience, including service 
with the American Red Cross as na- 
tional vice chairman in charge of public 
relations and as director of public -rela- 
tions of the Allied Commission in Italy. 
_ In 1946, when he returned to Wash- 
ington, he was appointed deputy direc- 
tor of the Office of Information and 
Educational Exchange, which position 

€ resigned to become associated with 
Standard. 


Scholarship Award 


og, Ruffin G. Stirling, Jr.. son of R. G. 
Stirling of the mechanical and construc- 
tion division office, Standard Oil Com- 
pany of New Jersey, Baton Rouge, La., 
has been awarded a Teagle Foundation 
scholarship for advanced study in chem- 
ical engineering and on February 9 en- 


DR. ROBERT S. ARIES 
Aries Paper Is 
Another Contribution 
From Brooklyn Poly 


L APPEARS that Polytechnic Insti- 
tute of Brooklyn is making a major con® 
tribution to this month’s PETROLEUM 
REFINER. 

In a previous column there are refer- 
ences to Edward Scheibel’s article and 
the fact that Mr. Scheibel is engaged on 
a part-time basis teaching at that school. 
Here in this space data about another 
author, similarly engaged, appear. 

Dr. Robert S. Aries, whose “Synthetic 
Alcohol from Petraleum” discussion 
starts on page 124, is an adjunct pro- 
fessor of chemical engineering of Brook- 
lyn Polytechnic, where he does develop- 
ment work on petroleum chemicals and 
teaches in the graduate school. 


Heads Own Firm 


He also heads the firm of R. S. Aries 
and Associates, consulting engineers and 
economists and is engaged in consulta- 
tion work in this country, England and 
France. His interests include the manu- 
facturing and uses of alcohol, ethylene 
oxide and glycol, and the separation of 
oxygenated products from the Fischer- 
Tropsch synthesis. He has authored 
more than three score articles of a 
technical and economic nature on the 
chemical process industries. 

For all this work Dr. Aries was well 
trained. He attended the Universities 
of Minnesota, Polytechnic Institute of 








tered Massachusetts Institute of Tech- 
nology. 

Young Stirling is the fourth from 
Baton Rouge to receive one of the 
awards, established in 1945 by Walter 
C. Teagle, former president of Standard 
Oil Company (New Jersey). 
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Brooklyn, Yale and Columbia. In addi- 
tion to his three degrees in engineering, 
he also has a master’s degree in business 
administration and, as he says, has “al- 
ways tried to link chemical engineering 
and econdmics in my career.” This is 
well exemplified by the process and cost 
evaluation in his current piece. 


Likes Foreign Travel 


In the time which Dr. Aries has aside 
from his professional activities, he man-\ 
ages to do a little skiing and also play 
tennis. He travels in foreign lands when- 
ever possible and his hope is that there 
will come a time when all tariff barriers 
will be broken down so that each coun- 
try can make and export whatever each 
is best suited for. 


Melamid Resumes 
Belgian Refinery Post 


Dr. Michael Melamid, active in New 
York with the Melanol Corporation, has 
resumed his former position as techni- 
cal director of the Raffinerie Belge de 
Petrole at Anvers. This is one of the 
two European plants whereby Dr. Mela- 
mid’s process Mexical Panuco oil is re- 
fined for the recovery of asphalt. The 
other plant is the Compagnie des Pro- 
duits Chimiques et Raffineries de Berre, 
near Marseilles. During the war the 
Belgian plant ceased operations but is 
now again working at full capacity (150,- 
000 tons yearly). 

Dr. Melamid is at present occupied 
with adapting his process to the refining 
of Arabian oil. . 


Two New Members 
Of Information Group 


Two new members of the Oil Indus- 
try Information Committee, announced 
last month are, Stanton Smith, president 
of Smith Oil and Refining Company, and 
G. Stewart Brown, manager of the pub- 
lic relations department of Standard Oil 
Company of California. 

Brown recently was appointed to his 
position with Standard, having formerly 
been with the State Department. Smith 
is chairman of the Illinois Oil Industry 
Information Committee and a former 
director of the Illinois Petroleum Mar- 
keters Association. 


Instrument Society 
Press Head Chosen 


Hank Cabot, director of public rela- 
tions for the Brown Instrument division 
of Minneapolis-Honeywell Regulator 
Company, has been appointed chairman 
of the press relations committee for the 
1948 national conference and exhibit of 
the Instrument Society of America, E. 
J. Grace, chief instrument engineer of 
Sun Oil Company and chairman of the 
ISA meetings committee, has announced. 

The 1948 conference and exhibit will 
be held at Convention Hall, Philadel- 
phia, September 13 to 17. 
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Refinery and Other Plant Construction 


are missing in the current tabulation and 3) report 


Companies-whose projects are not listed or readers 


who know of unlisted projects are urged to: 
in data on units not listed; 


1) send 


2) furnish details which 


from time to time on progress of such work. Such 
cooperation will be very much appreciated. 





COMPANY 


Plant Site 


Project | 


Daily 


Estimated 
Cost 


ay 


Probable 
Completion 


Engineering 


—= 


Contractor 





EAST COAST 
Aetna Oil Co. 


Atlantic Ref. Co... 


Gulf Oil Corp..... 


*Gulf Oil Corp. 
Socony-Vacuum Oil 


Co., Ine. 
Standard Oil Co. 
(New Jersey) 


Sun Oil Co....... 


The Texas Co 


Louisville, Ky. 
Philadelphia, 


Philadelphia, Pa. 

Philadelphia, Pa. 

Paulsboro, NJ. 

Linden, New 
Jersey 

Marcus Hook, 
Pa. 

Eagle Pt., New 
Jersey 


Pa.| Propane, lubes 


Gasoline Recov- 
ery Unit 


Wax Plant 


Naptha, 
Polyform 
Vacuum Unit 

Crude, Lube 
Plant 

Vac. Cat Crack- 


ook pipe still 

er 
Lube, W: 

Anti- Pollution 

Proj 


Vac. still,Cat | 
Cracking 


800 mef 
3,800 bbls. 


16,000 bbls. 
(cire. ) 
12,000 bbls. 


40,000 bbis. 


million 


| Under Constr. 


| 
Contract let 


Under Constr. | 


Under Constr. | 


Under Constr. 


Under Constr. 


Contract let 


Early '48 


Jan. 1, 1949 
Ist Qtr. 1949 


JUIK, Texaco 


Gulf-Phillips 


Aetna 

Badger, Atlantic 
K & 
Lummus 

Lummus 


Lummus 
Badger 


8.I.D. & Braun 


Kellogg, Texaco 
Co. 


— 


Aetna 
Badger, Lummus, 


Kellogg, At- 
lantic, Leste 
Constr. 

Lummus 


Lummus 


Badger 


Kellogg, Foster. 
Wheeler 





MID- 
CONTINENT 


Cities Service Oil Co. 


Cities Service Oil 
Co. (Delaware) 
iti ice Oil 


Fen Tex. Ref. Co.* 
Gulf Rfg. Co. 
*Gulf Rig. Co. 
*Gulf Rfg. 
*Gulf Ref. 


on Rf ° 
Rig Co 
, Harrington 
M 
Hiwan Oil Co..... 


Kanotex Refg. Co. . 


Mid-Continent Pet. 
Co. 
*Midland Coopera- 


tive Wholesale Co. 


*Midland Coopera- 


tive Whelesale Co. 


Ohio Oil Co 

Old Dutch Ref, Co. 
Petoo Corperation. . 
Phillips Pet. Co 
“~ Island Rfg. 
thot t Pet. Co 


Sinclair Refg. Co 


Skelly Oil Co. 

Gonsnes¥ acuum Oil | 
Sorony-Vecuum Oil 
Stanclind 0 & G Co. 


Stanolind O & G C 


Stanolind O &G Co.| 

Stanolind Oil & 
Gas Co. 

*Standard Oj! Co. 


(Indiana) 


Standard Oil Co. 
(Ohio) 


Wichita, Kans. 
Waterloo, Ark. 


Stephens, Ark. 
Chicago 
E. Chicago, Ill 
E. Chicago, Il) 
Coffeyville, 
Wynnewood, 
Okla. 
Toledo, O. 
Toledo, O. 
Toledo, O. 
Cincinnati 
Cincinnati 
Holdenville, 
Okla. 
Hooker, Okla. 
Magnolia, Ark. 


Arkansas City, 
Kans 





Tulsa, Okla. 
Cushing, Okla. | 
Cushing, Okla. | ote 





Robinson, Ill.. 
Muskegon, Mich.| 
Blue Island, Ill. 
City, 
Rock Island, Ind. 
El Dorado, Ark. | 





| East Chicago, IIl.| 
| 

+o] Canieee Co., 
E. St. Louis, Il. | 
| Augusta, Kans. 


| Hugoton Field, 


nsas 
‘©.| GardenCity, Kas. 


Hosen Field, 
| Tiyan, Kan. 
Casper, Wyo. 
8 Creek, 

gee Ore 

Whiting, 

| Indiana 
Whiting, Ind. ' 


| Lima, Ohio 


| Cat Cracking 


| Gasoline Plant 


| Chemical Plant 
Gasoline Plant 
Cat Crack. 


| Cat Cracking 


Cat. desul. Re- 
forming 
Lub Unit, Ex- 





Compounding & | 
Grease Plant 
Modernize sant 


Laboratory 
MEK Dewaxing | 
Asphalt Plant 


Top & Vac. U nit| 
Fluid Cat. Crk. 
Polyform Unit 
Fluid Unit 
Polyform Plant 
Gasoline Plant 


Gasoline and 
LPG Recovery 
Gasoline Plant 


Cat Cracking 


Vac still, Cat 
Cracking 
—— Re- 


sree m Tope 


Vae Unit Cat 
Cracking 

LPG Recovery 

| Skim. & Crkg. 


| Cat Cracking, | 


ey and 
acuum Units 
Fad Cat, Crack. 


Revision of Cat. | 
Cracker 

Crude Cat. ‘| 
Cracker, Poly | 
Plant & Lube | 
Treating 

| Gasoline plant 


| Thermal Cracker 
& distillation 


Gas Syn. Plant 


| 
| 


| Cat Cracking 


Motor Oils Unit 


Cat Cracking 


4,000 bbls. 
1,200 bbis. 


2,000 bbis. 
1,500 bbls. 


32,000 bbis. 
15,500 bbls. 


4,200 bbis. 
45,000 bbls. 


| 1,400 bbls. 


6,500 bbls. 


| 27,500 bbls. 
3,400 gallons 
bbis. 


10,000 bbls. 
7,000 bbls. 


| 10,000 bbls. 
| 150,000 mef 


100,000 mef 


| 130,000 Ibs./yr. | 
| 100,000 mef. 
| 8,000 bbls. 


25,000 bbis. 


| 25,000 bbis. 





$2.5 million 
$18 million 
$300,000 

$1.5 million 


$8.5 million 


| Part of $500,000 | 
| | 
| Part of $500,000 | 


| $15 million 


$1,200,000 
$125,000 


| Part of $45 


million 
Part of $45 





| Under Constr. 
| Under Constr. 


| Under Constr. 


Contract let 


| Contracted 
Under Constr. | 


Under Constr. 


Under Constr. 


Under Constr. 


Under Constr. 


Design 
Under Constr. 





Under Constr. 


| Contracted 


Under Constr. 
Under Constr. 


| Under Constr. 


First Stage 
Completed 


| Contract let 


Under Constr. 


Under Constr. 


| Under Constr. 


Under Constr. 
Contracted 


| Contract let 


Projected 


| Approved 


Constr. in Fall, 
48 


Announced 


Projected 


Under Constr. 


Contract let 





June, "48 


| Mid "48 


Mid "48 
Early '49 
Late ‘48 


Spring "48 


| Oct., 1948 


May, 1949 
May, 1949 
June, 1949 


June, 1949 


Early '48 


June, "48 


Aug., 1948 


| Aug., 1948 


Early '49 


| May, 1948 
| Early *48 


Early 1949 
Spring "48 
Spring "48 
Mid 1948 


Late "49 





Phillips 
Kellogg 
U.O0.P. 
U.0.P. 











Koch Eng. Co.. 


Sumner-Sollitt 
Kellogg 


Cities Service 


Petro. Eng. 

Koch Eng. 

Kellogg 

U.O.P. and Ref. 
Eng. Co. 

U.O.P. and Ref. 
Eng. Co 

McKee 

Old Dutch 

Clark's 

Braun 

U.O.P. 

U.0.P. 


J & L Constr. 


| Hydro Research 


Badger 


8.0.D. & Braun 


McKee 





Petro. Eng. 

Koch Eng. 
Kellogg 

Ref. Eng. Co. 

Ref. Eng. Co. 

MeKee, Priteh- 
ard 

Old Duteh 

Clark's 


Braun 


> 


Own Staff 
Mason Bros. 
Braun, 

Lummus 
Born 


Bechtel Corp. 


J & L Constr. 


Kelogg, Foster- 
Wheeler, Stone 
& Webster 
Badger 


Kellogg 
Kellogg 
Kellogg 


Foster-W heeler, 
Stone & Webster 
Kellogg 

McKee 





148 


® CONTINUED ON PAGE Ist 
Petroleum Refiner—V ol: 27, No.4 





Apri 





Why the new Turboflow 
development is of 
major importance! 
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—— 
Daily * =—— 
COMPANY Plant Site Project Capacity Cost Status Licenser Engineering Contractor . 
iS 
Bun Oil Co......... on. cosed] scevesscsnccsah] eoewecch'veccoac] sascescyedenaoe] ssocceevestvece] sosedereapubcns a......cae = 
‘ 
Sunray Oil Co. Duncan, Okla. | Crude Plant 20,000 bbis Under Constr. April, 1948 ; U.O.P. | Ref. Eng. Co, ™ 
*Sunray Oil Corp...| Dunean, Okla. | Cat. Poly. 1000 bbls $271,000 Under Constr. ay, 1948 U.0.P. ing aa Ref. | Ref. Eng. Co, United 
ng. Uo. ’ 
*Sunray Oil Corp...| Duncan, Okla. | 2 Treating Units| ............ eS Sn ee U.0.P. Ref. Eng. Co. | Ref. Eng. Co, weal 
Sunray Oil Corp. Duncan, Okla. —— at. 10,000 bbis. $150,000 Under Constr. May, 1948 U.0O.P. U.O.P. | Mason Bros, Warren 
racker ° 
The Texas Co...... Kgaveseriie, Goss and Cat | 20,000bbis. | ............4.. Announced ee >. % *) Nuvesiopsediess Foster-Wheeler | Kellogs, Foster. Warren 
Hinois heel 
The Texas Co... W Teles, Okle. | Crodeami Cat | 2q000bb. | .....ee eee. Gunite (ee. Patt Texas Co., Kel- | Kellogg, F Winns 
Cracking | lors, rae Wheeler wn! 
. er 
*Trans-Marine 0. | S. Milwaukee, Crude, Vac., 5,000 bbls. $1.3 million Under Constr. Agee err | Ref. Eng. Co, Witeo | 
Rfg. Co. Wis. » Refrm, Desulf. bon ( 
Warren Pet. Corp...| Madill, Okla. . , 1,500 bbis. sdtede ves deuce Projected Se, bh abeasenegncnten Hudson | Hudson — 
n 
Warren Pet. Corp... Maysville, Okla. | Gasoline Plant | 8,000 bbls. 2a een Under Constr. | Jan.1,1949 | ............... | Dresser a. 
Wood River Oil Hartford, Illinois} Cat ae. 8,500 bbls. | $1 million | Under Constr. "48 | Phillips Koch Eng | Koch Eng. 
Refg. Co. ing } bees 
| | | 8 
SOUTHWEST | | | = 
Ameren Repub- | Silsbee, Texas | Gasoline Plant | .............. Dare dewhdtescs Pe fee eS ha en oye et  eidmessewanaes t Vcdnn tne ve: Geseline Plan Contin 
| nstr. Co, Contin 
*Arkla Oil Co. Rodessa, La. | Add ink ie 60,000 mef ‘| $325,000 ae | Own Sta : 
Atlantic Refg. Co...| Dallas, Texas | Geop. La | sssneesseosness i nadhéscetelees | Under Constr, | 48 | eee e cece eens Atlantic | Wohlfeld Gulf O 
1 Oil Co... Benton, La. Gasoline Plant..| .............. CA See | Under Constr. | ....-......... | seceeececeeceee| ceeeeeeereeeees | Lummus Skelly | 
Calumet Refg. Co. i , La. Moderaiation 700 bbis. D vtesepsgaiilivees | Under Constr. Oe SE RR OR ert ae. wl 
| | | y 
a SY Carthage, Field | Gasoline Plant | 100,000 mef $3.5 million Under Constr. | Jan.1,°49 | .......--+-2--- Hudson | Hudson Co. 
Carthage H Brownsville, Tex.) Hydrocol...... | 64,000 mef | $19 million | Under Constr. | 1948 Hydro-Res. Inc.,| McKee cKee aed 
exaco Standa: 
The Chicago et, Carthage, Tex. sy Gas. Pit.| 210,000 mef $2 million | Authorized June, 1949 Own Staff | of Cs 
Citcon Corp.'. L. Charles, La.. | Lube Plant 6,000 bbls. | $30 million | Under Constr, | .....cccceeess Texaco, Max B. | Max B. Miller | Lummus, Mar Utah 0 
Miller a | B. Miller . 
tcon arret 
Continental Oil Co..| Sonora, Texas | Gasoline Plant | ............... | nnceesneeeeees| ceveeeecceecees| senceeeeeccecs| seeteceeeseeeee| seeeeeeeeraeees | Brown & Root 
Ethyl! Corp...... Baton Rouge, La.| Mfg. Facilities | .............. | $20 million | Announcement | .............-. | PRS IE Le Ee Di Lee wckdeue — 
Gray-Wolfe Co. Montgomery Co.| Gasoline Plant | 13,000 mef | $2 million Under Constr. | Jan.,1949 = |... ee eee eee O. L. Olsen } O. L. Olsen WE! 
Gulf Oil Corp...... Crane Co., Tex..| Gasoline Plant | 23,000 mef Piihecrideel sak REDO AS, SR Parana Po ree eo ie. 
Gufl Oil Corp. Pt. Arthur, Tex. | 3 Top. & Vac. 22,000 bbls. ea. | | Under Constr. April-June, 1948 Badger Geners 
units | | 
Gulf Oil Corp... Pt. Arthur, Tex. | Cat. desulf. 17,000 bbis. | Under Constr. Lummus | Lummus Haneo 
Gulf Oil Corp. ; Pt. Arthur, Tex. — Poly- | 32,000 bbls. circ. | Under Constr. Lummus Lummus na 
orm. | | *She 
Humble © & R Co..| East Texas Gasoline Plant | ............... $2 million Under Constr. | .............. (peat aes Fish Eng. Corp. | ......... 
Humble O & R Co..| Katy, Texas eee Sota 19,000 bbls. $7 million | Contractlet =| .....----eee-e E Reuksaerhsemney ssnnntsdntngy | Stearns-Roger *Robt. 
x 0 | 
Humble O & R Co..| Refugio, Texas | Gasoline Plant hry aa $2.5 million | Under Constr. 1948 PS a Sen wdle de eaheadeheeas | Gaso. Plant Shell C 
Humble 0 & R Co. Texas | Lube 4,600 b | $5 million | Under Constr. | Early '48 | Texaco Badger | Badger Standa 
Humble O & R Co, j exas | Gasoline Plant | 150,000 a $2 million > i GAP Geeta re 2 Fish | Fish A C 
Jefferson Chem. Co | Pt. Neches, Tex.| Petrochem =f... ce cece cence eee | Under Constr. ae Ss ee Jefferson | ae = 
ummus ali 
Magnolia Pet. Co...| Beaumont, Tex. | Lube Plant =|... 0. e | cece cece ec ees | Under Constr. | Jan. 1, 1949 Texaco Lummus lemme, an 
eLlogg 
Magnolia Pet. Co.. Ooelignse Field, | Gasoline Plant | 90,000 mef PERRET, PMT Se eras oe VOR ee Hudson | Jeuiseecds Ge , < 
exas | Svan 
Pet. Co...|._Mamou, La. Gasoline Plant | 7,000 mef eee ee Under Constr. . eae SC, LCR ee | Gaso. Plant of C 
M. Manning, | Stephens Co., Pressure 20,000 mef $500,000 Contract let Completed, | Fish Eng. Corp. 
Ine. Texas Maintenance testing 
McCarthyChem.Co.| Winnie, Texas Petro-chem, Cat | 5,000 bbis. $3 million SR. I sousenedoecsees Phillips Fish Eng. Corp. | ls a Saeco 
MonsantoChem.Co.| Texas City, Tex. ——ee OPE ate eee $6 million ee Ores Pere Te Pere | a. Co © —_ 
Petro-chem n Con. Co. F 
Peteo Corporation. . my, la. Skim. & Crkg. | 5,000 bbl, = ||... 0. eee eee Under Constr. i Sere Clark's Clark's 4 
Petrol Terminals Texas City, Tex. = Crac ~¥ ay cutie vvehens | ED. 0 deuce ddncodhcoel Seisletce deckasPiesebs de thdtuces Cat. Constr. i 
ition | 
Phillips Pet. Co. _—" Co., — & LPG | 343,000 mef | Announced | ......... | | Own Staff | on 
r 
Plomo Co... Agua Dulce Feld| Processing Plant} 30,000 mef $1 million | Under Constr. | ‘‘Soon” an ; ’ schi 
Pure Oil Co........| Smith's Bluff, Lube Plant — [| www ence ee ees $9 million Contractlet 8 =—«_ |... .. eee e eee Texaco | Lummus | Lummus 7 
exas 
*RepublicO.Rfg.Co.| Texas City, Tex. | Plant rehabilita- | 30,000 bbis. | $500,000 Making Survey U.O.P. U.O.P. Creol 
tation | | 
Rishasdoce and Kayotone Field, | Gasoline NE 8. bo cécesrindasis | Constr. Appr’'vd | 10-1-48 =| ww... ee eee J&L Constr. | J & L Constr. Creol 
exas 
Houston, Texas | Glycerine | .............:. Part $35 | Under Constr. | Early’48 == [ .... see eeee eens] seneeeescceeees Braun Crock 
Shell Oil Co Notrees, Texas | Gasoline Plant | 45,000 mef $4 million | Under Constr. April, "48 Brown & Root | Brown & Root 
Sheil Oil Co Houston, Texas | Lube Unit 2,800 bbis. | $10 million Under Constr. | July "48 | Texaco Lummus 7 —" bevp 
| ogg, fiuo! 
Shell Oil Co. Denver City,Tex.| Gasoline Plant | 24,000 mef | sauebdtelelats | Under Constr ea, SES, ae Repel mes ee Fluor Corp. ; me 
Bhell Oil Co........ Noreo, La. Thermal Crack - SPE. B Sak Sede sesees, | sceccocsconsecs ae © Pnddccastsatsios Shell Shell mpe 
Sid Richardson Odessa, Texas | Car ee Ny eerrerrese hi SSE A Re re Peneererr ‘Imp 
Carbon Co. Plant ; 
Sid Richardson Kermit, Texas | Gasoline & LPG | 200,000 gallons | .........-...+. RAE RRA Be eeceer © ere ye) Sree mpe 
Gasoline t | | 
Sinclair Refg. Co....| Houston, Texas | Crude Still, Bar- | 30,000 bble, | «...-.0.0.-00: ee i, REO PAE SS PRPAAOMEE ee QE Mruueie cane e Fluor 5 
Grease Works. Men 
a) - a Christi, . Re- 5,000 bbis. $800,000 Under Constr. ”*=, ee ear Process Eng Proccas Eng Petre 
Rele. orming 
Stanolind O & G Co.) Sila: _- Texas | Gasoline Plant | 90,000 mef Under Constr Dec., 1948 Braun a Petr 
Stanolind O & G Co. hw Hockley County, nn nn cal daameeebhs cen GnaGatiboesersecl 6020 e0donageewed Rhecensshbeherny eunese++++<Ses Pein 
Stanolind 0 & G Co.| Brownsville, Tex.| Chemical Plant | 130,000lbs./yr. | ............... oe El enw anoadat er Badges Petr, 
Stanolind O & G Co. a Cc Plant | 150,000mef | ..........4.... Fraferted ec >>”. case la cla xing So J & L Constr Constr. 
Standard Oil Co. | Baton | Lub. Vac. still, | 111,600 bbls, | .............. Under Constr. | Early '48 Texaco , 8.0.D., r, Kellogg, Pet 
(New Jersey) Louisiana Crude, Dewax, Braun, MeKee,| McKee, Braua Sal 
Sun Oil Co......... Richland Parish, ine Plant | 70,000ga =|... sees a Fk cheicinscbcaapthgti ss ois th nab -vbiobe-s Pet. Eng., Ine. Stel 
*Sun Oil Co........| Starr Co., Tex. | Gasoline Plant | 25,000 mef Part of $12 mil. | Bids asked April, 1949 TPF eR, hw 
Taleo Asphalt & Mt. Pleasant, Poly L.P.G. 26,800 mef 000 Under Constr. April 15, '48 U.O.P. Taleo Taleo (Vv 
Oil Co. = 
The Texas Co... Port Arthur, | Lube & Wax | 2.500bbis.oil | .............. Under Constr. | Late'’@8 | oe. ee. Texas Co., Fos- | Foster-Wheeler Se, 
Texas additions ter-Wheeler B 
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REFINERY AND OTHER PLANT 


CONSTRUCTION (Continued) 



































































Daily Estimated ‘ 7 
COMPANY Plant Site Project Capacity Cost Status Licensor Engineering Contractor 
*The Texas Co... .. | Lafitte, La. Expand Gaso- RR Ce etal CPR) UK, Oey ee te peme fomye ERE ONIN, Me pC eK eet Hudson Hudson 
} t 
‘Tnited Gas Co. Carthage, Tex. | 2nd Gas. Plant | 100,000 mef $3.5 million Announced Feb., 1949 Hudson H 
> ang Est. Ref.) Electra, Tex.. | Crack Unit Re- | ........,...... J Under Constr. | Fall, 1948 Ref. Eng. Co. Ref. Eng. Co. 
| Visions 3 
Warren Pet. Corp.. | Breckenridge, | L-P.G. Bxtrac- | 1500%b, [oes es sons Under Constr. | Jan.1,199 9 | ............s. Warren Warren 
| Texas tion 
Warren Pet. Corp...| Holliday, Tex. | Expansion& Pro-| 2,500 bble. =| .......-. + 00+. Under Constr. | Jan.1,1949) =| .......... 00 eee Warren Warren 
| _ pane a 
Winnsboro Refg. Co.| Winnsboro, Tex. | Crude Plant 3,000 bbls $175,000. Under Constr. | Early '48 wndsbnptigage Mid-Continent 
Witeo Hydro- | Big Lake, Texas’) Gasoline Plant | 2,500 bbls $2.6 million Under Constr. j July'68- | ............ Witco Fish 
Corp. 
gs ivteome- | Witeo, Texas Carbon Black | .......s..005.- Part of $3.5 Sy BPS precept ine seer es cae ey Fish Fish & Witeo 
bon Corp. | million 
> 
ROCKY 
MOUNTAIN 
Bureau of Mines....| Rifle, Colo. | Shale Oil Refy. | 3000 bbls $450,000 Under Constr. | Fall, 1948 Ref, Eng. Co. Ref. Eng. Co. 
The California Oil | Rangely, Colo. | Gasoline Plant | 25,000 gals. $3 million ‘eis, 1 OM Rae Hudson Hudson 
pre 
on Dil Co Who | Billings, Mont...| Crude Cat Crk..| 30,000 bbls $20 million | Under Constr. | 3rd Qtr.1949 | .............. U.0.P., 8.0.D 
Continental Oil Co.| Billings, Mont. | Cat Cracki | 7,500 bbls. | $8.5 million | Contract signed | 1949 U.0.P. 0.P.. J & L Constr. 
Continental Oil Co.| Denver, Colo. Crude, Cat Crk. | 7,500 bbls. | $4 million Under Constr. | Fall 1948 fog Corp. & . Oil Co., ummus 
O.P. ummus 
Gulf Oil Corp...... Eunice, N.M. | Gasoline Plant | .............. | aS aeie ind soe heg MEraniiaeaeoaaa pat Ls advo nuance ra: Eedierare eae Hudson Hudson 
Skelly Oil Co....... lo cual, Fepeneing ME Secavbdiacans ds | wosiegteseessicvel 09d cosbpeemeebel oceans cc'ebenk eh Mahe anaes Cone nnn J. E. Carlson 
. M. | line plant 
Socony-Vacuum Oil | Casper, Wyo. Cat Cracking | 4,000 bbls. mat $45 Under Consir. | Jan. 1, 1949 Cat. Constr. Cat. Constr. 
Co., Ine. on 
Stanalind 0 &G Co.) Elk Basin, Wyo.| Gasoline Plant | 12,000mef | ............. | Approved Re nd ‘a Stone & Webster) Stone & Webster 
Standard Oil Co. Salt Lake City, | Crude dist. unit | 25,000 bbls. | $5 million Under Constr. | Nov., 1948 se hele tes Bechtel 
of Calif. Utah | 
Utah Oil Refg. Co. . - pote City, Reet existing | 25,000 bbls. $2.5 million Announced Ec? Ses Bee reer rerio Gree ry Peo 
tal efinery | 
Warren Pet. Corp...| Monument, Gasoline Plant | 2,500 bbls. [Pee ae Under Conste; | Jam, 1000 | occ cccccevccces Warren Dresser Eng. 
| NM. Enlargement 


























WEST COAST 
General Pet. Corp. . 


Haneock Chem. Co, 
*Shell Chemical Co. 
*Robt. 8. Lytle, Opr. 


Shell Chemical Corp. 
Standard Oil Co., 
of Calif. 
“Standard Oil of 
Calif. 


Standard Oil Co. 
of Calif. 

Standard Oil Co. 
of Calif. 


Torrance, Calif. 


| Watson, Calif. 


Martinez, Calif. | 
Coalinga, Calif. 


Shell Pt. Calif. 

Bakersfield, 
Calif 

Bakersfield, 
Calif. 


| El Segundo, Cal. 
| Riehmond, 


(California) 


Vacuum flash 


tower 
Elemental Sulfur 
Plant 
Pet. Additives 
Plant 
H2S Removal 
Plant 
Syn. Ammonia 
Crude dist, Cat | 
Cracking 
Thermal Crk., 
Gaso. Stabil., 
Gaso. Treating 
Filling Plant 
Modernization 
Grease, Wax 
Plant, Dock 
Facilities 


| 32,000 bbls. 


50 tons 


33,000 mef 


10,000 bbls. 
9,000 bbls. 


| $558,000 


$1 million 


$175,000 


| $7.5 million 


$2 million 


| $13 million 


Contracted 


| Engineering be- | 


ing completed 
Under Constr. 


Engineering in 
ourse 


Announced 


| Contracted 


Under Constr. 
Under Constr. 


3rd Qtr. 48 
Nov., 1948 
Late 1948 

1 year 


Early °48 
Mid ‘49 


Dec. '48 
Sept. "48 


434 avid dace Braun 
Badger 
Parsons 
Fluor Fluor 
jaaiasesis ha ae gate cr ih std 
U.O.P U.O.P. 
U.O.P. W. G. Peugh 
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Agwi Pet. Corp.....| Fawley, Eng... . | aE 120,000 bbls. $140 million Projected Corer rrert rT (Perr yrs Pkg es. RST a 
en Wet. Ghams. | Gememeath, § | PatpeeReme ©.) vecccvccccccadel sockccecvocess | bndpewetSieosces] gusddbonsetdssu. [-eseese benteses of, wenger’ heeesuninn nn 
Ltd. Scotland . 
Caltex Pet. Maat- | Rotterdam, | Crude Plant | 20,000 bbls. $18 million Projected 5 y See Lee McKee McKee 
schappij, N.V. Holland : 
Ccnmaidated Ref., | Haifa, Palestine | Crude Plant | I.E cukvccncepdssnl aeaciassaceene | By 1950 ey Lummus Badger 
e | elogg 
Creole Pet. Corp... Ameny Bay, | Cat Cracking | 60,000 bbls. | $70 million Under Constr | ODD- <P nap eens vasinwes'}! niteweweeban neo eee 
enesuela | 
Creole Pet Corp.2,..| Molata Field, | Stabilization and| .............. (pe he tae (Te Penn: em 
Venezuela Repressuring | 
Plants 
Creole Pet. Corp.8..| El Roble Field, | Repressuring | ...............| ceceececeecceee| seeeeegeeenees ve scams <i pukch vqoub ase ll ieee ee 
' | Venezuela ° 
Fevptian Govern- | Egypt IF ais i chaceateae ch by 0c a celine sack, Digan cee ae Lummus Lummus 
men | 
Imperial Oil, Ltd.. .| Montreal, East, | Cat Cracker, 33,000 bbis. | Under Constr. | Summer’48 | ..... 8.0.D., Kellogg | Kellogg 
‘ol: ‘ 
“Imperial Oil Ltd...| Edmonton, Thermal Crack, | 6,000 bbls. Under Constr. Fall, 1948 Barnes Barnes 
“— | Canada Crude Dist. 
Imperial Oil, Ltd...| Ledue field Gas sbecrption sidadgadegiati $1.5 million Le rn meernEEE tn Pr ery Fae re 
, nt 
Industrie Chimiche | Mantau, Italy | Crude GS Roo ok nak eee 1 codedesece ane di-anesege vwce Cheah wecaney can Rtn enna 
Italiane Petroli | 
Mene Grande... . | West Guara, Ptgrberaie. bo csc cecccdessPiscccncctsccae | dodessdstivesscl Veviecaseh oevesel) sisegeskepibes’ +i whee oe nahniiatnn anata 
| Venezuela 
Petro Carbon, Ltd. | Partington, Eng.| Cat Cracker, MU No Svc ii mecc A nese de so naetel cc eccbesdesderd) s645weupaipelle tal amey pane siaean nanan 
| Lube & Reform 
Dito Chem... Led...:| Pastinnton, Mae.! Seten GROOM |-sy0-c5c0000cces|: .cvcacceseecce-f cevpesarcecocs=f censecersteces | kdedeeden dues sips epennieienrhninh uaiaainnemaams 
Pezolecn Mexi- | Cindad Madero | Crude unit 25,000 bbls. $2 million Under Constr. July, 1948 None Own Staff Own Staff 
hs > > «nnnveeee 
Petroleos Mexicanos Salamanca, Mex.| Crude, gasoil 30,000 bbls. $12 million Contract let 1949 U.O.P. McKee McKee 
Marghera Rfg.| Venice, I DR? Tc occciccctccsceP pococcecepaneecl snsacdandeaseucl ssoke ds <osehee\d sat ubhelancseas higee seen in em aac 
Chemical Corp.) Thornton, . | Petrochem | .......... Goveral sliiiens | Vnilor Gonstte. oo. o. sec ccsae P cvvcvsviccecBep weteccekepabaeiiabaseatepebeeds 
Shell Chemical Corp.| Shell Haven, PURE. L vccccevie o eced dbacnrdpecccsscd. secedons ncessell abt sudbasseuek 1) weebds gapelbes Cal InaeieinennnCn aan en 
, England 
Stl Chemical Conp.] Gineeel, Baw. | Petipa 4 onc ici ccdicsec] deccvndeccvdes dD aschgecbacguewel Gob} cedecccecc«h-Wsbbecedebmene chi pauieensGnee aren neem 
Oil Co Cardon, NS Fos ceksiie is cdse<} dccbesdaslscicie NE FCC RSI, RNS YE ONS Lummus Lummus 
(Veneauela) Venezuela 
Ol Co........ Heysham, Remodel & re- | 30,000bbls. | ............... Under Oonste. | Hasty'Q6 0 | op cicuy Seek. cdkepbatidiedece ae eee eee 
= 
t 
wird ( il Co. of | Vancouver, B.C.| Asphalt Plant | 600 tons $500,000 Under Constr. | May,198 = | .............. RalphM. Parsoris| Own Staff. 
Stora Kopparberg. .| Sweden nt a RTO RIN RENN SS (ANA amma Geter e eats MASA - Lummus Lummus 
a Cracking 
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REFINERY 


AND OTHER PLANT CONSTRUCTION (Continued) 





Plant Site Project 


Capacity Cost 


Daily Estimated 


Status 





Crude Plant 
Crude Plant 


North Shields, 

Sucre, Bolivia 

Cochabamba, Topping & Re- 
Bolivia orming Units 


Santos, Brazil Complete Refg. 











11,500 bbls. 
3,000 bbis. 


5,000 bbls. 


20,000 bbis. 





| $30 million 























NOTE—Atlantic—The Atlantic Refining Co. 
Cat. Constr.—Catalytic Construction Co. 
Corp. Fluor—Fluor Corporation. 

Research, Inc.  Jefferson—Jefferson Chemical Co. 
Leon Constr.—Leonard Construction Co. 
Dutch Refining Company. 
Process Eng.— Engineers, Inc. 
Texaco— Texaco Development Co. 

tion Co. 


* First appearance in tabulation. 


UOP Gets Contract for 
New Unit for Rock Island 


Rock Island Refining Corporation, In- 
dianapolis, has entered into an agree- 
ment with Universal Oil Products Com- 
pany, Chicago, for the design and 
engineering of a fluid catalytic cracking 
unit to be installed in the Rock Island 
refinery at Rock Island (near Indian- 
apolis) Ind, 

This unit is to be designed for a ca- 
pacity of 5000 barrels per day of Mid- 
Continent type gas oil at 54 percent 
conversion and is essentially the same 
type unit which Universal designed, and 
which has been on stream at the refinery 
of Aurora Gasoline Company, Detroit, 
since the summer of 1947. 

The Rock Island unit will be so de- 
signed that it will utilize to the fullest 
extent the already existing thermal 
cracking unit and gas recovery system, 
it was explained. Feed preparation equip- 
ment for supplying charge to the cat 
cracker is already in place and will be a 
part of the new fluid unit. 


New Shell Chemical Plant 
For Petroleum Additives 


Construction is under way on a new 
Shell Chemical Corporation plant at 
Martinez, Calif., to manufacture “petro- 
leum addititives” chemicals which are 
added to lubricating oils and other pe- 
troleum products to increase their life 
and performance. 

Ralph M. Parsons Co. is the con- 
tractor for engineering and construction 
of the additives plant. It is scheduled for 
completion late this year. 


United to Build Second 
Carthage Gasoline Plant 


A second gasoline plant at Carthage, 
Texas, will be built by United Gas Cor- 
poration, it was announced last month, 
this being a part of United’s current 
$14 million expansion program. 

The plant will have a capacity of 
100,000 mcf daily and is expected to be 
ready for operation in February, 1949. 
Hudson Engineering Corporation will 
handle the job, the cost of which will be 
about $3.5 million. 


Texaco Expansion Work 


Progresses at Pt. Arthur 
The Texas Company’s expansion of 

lubricating oil and wax manufacturing 

facilities at the Port Arthur, Texas, re- 
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Badger—E. B. Badger and Sons. 
Clark’s—Clark’s Construction and Engineering Company. 
Gaso. Plants—Gasoline Construction Co. Houdry—Houdry Corp. Hudso 
J & L Constr.—Jones & Laughlin Const 

Lummus—The Lummus Co. 
Parsons—Ralph M. Parsons Co. 
* Ref. Eng. Co.—Refinery Engineering Co. 
Warren—-Warren Petroleum Corporation. 
1 Jointly owned by Cities Service Oi! Co. and Continental Oil Co. 
Cities Service Oil Co., The Carter Oil Co., Sinclair-Prairie Oil Co., with Warren operating plant. 


Barnes—W. M. Barnes & Co. 


ruction Co. 
Mason— Mason 
Phillips—Phillips Petroleum Co. 


Westheimer— Westheimer Ri 
2 Jointly owned with Pantepec Oil Co. 
5 Kerr- 


finery will include atmospheric crude 
topping and vacuum pipe still, solvent 
dewaxing unit, furfural refining unit and 
auxiliaries. It is expected that the work 
will be completed during the latter half 
of 1948. This completion will increase 
present plant capacities about 2500 bar- 
rels per day finished lubricating oils. 

Foster Wheeler Corporation is han- 
dling the conStruction. 


Midland Cooperative 
Enlarging Its Refinery 


The Refinery Engineering Company 
of Tulsa and Chicago will supervise the 
new construction scheduled to increase 
capacity of the refinery and cracking 
units of Midland Cooperative Whole- 
sale Company’s Cushing, Okla., refinery, 
at a cost of $500,000, according to The 
Refinery Engineering Company, which 
will supervise construction. Walter 
Switzer has been named resident con- 
struction head of the project. 

When completed, the plant will have 
a capacity stepped up from its present 
4200 to 6500 barrels daily. Cracking 
plant. facilities will have been enlarged 
25 percent to make possible the process- 
ing of 2000 barrels of charging stock 
per day. 


Sun Plans Gasoline Plant 
In Starr County, Texas 


Clearing of a site in Starr County, 
Texas, for a natural gasoline plant 
equipped to process 25,000 mcf gas 
daily was announced last month by 
Sun Oil Company. Bids have been asked 
for actual construction. 

The plant, expected to be in opera- 
tion by April 1, 1949, is designed to re- 
cover 80 percent of the propane and 
virtually all the butane and natural 
gasoline from the casinghead gas pro- 
duced in the Sun, North Sun, North 
Rincon and Garcia fields. 


Super-Tankers Ordered 


Two more super tankers with a capac- 
ity of 228,000 barrels each were ordered 
last month by Standard Oil Company 
(New Jersey), increasing to six the 
number of such tankers contracted for 
recently. 

Each of the six vessels will have a 
capacity about 70 percent greater than 
the T-2 type tankers constructed during 
the war. The total capacity of all the 
ships will aggregate 57,456,000 gallons. 


Dresser— Dresser pogeewice Corporation. 
n—Hu 
Koch Eng—Koch Engineering Co. 
Brothers Construction Company. 
Pet. Eng.—Petroleum Engineers, Inc. 
8. 0. D.—Standard Oil Development Co. 
i ing and Heavy Hauling Com 
3 Jointly owned with Pantepec Oil Co. 
cGee Oil Industries, Inc., interest. 


Bellows—W.S Bellows Co.  Braun—C. F. Braun Co, 
Fish Eng.—Fish Engineering 
Hydro Res.—Hyd 
Kellogg—M. W. Rellogg Co. 
McKee—Arthur G. MeKee Co. Old Dutch—Oiq 
Pritchard—J. F. Pritchard & Co, 
Stearns-Roger—Stearns Roger Manufacturing Co, 
ny. Wohfeld—Wohfeld Construe. 
4 Joint project with 


n Engineering Corp. 


Garden City Selected as 
Site for Synthesis Plant 


Garden City, Kan., has been selected 
by Stanolind Oil and Gas Company as 
the site for its synthesis plant in the Hv- 
goton gas field. Soil surveys and water 
exploration tests will start immediately 
as will site preparation. Major construc- 
tion will begin in the fall with comple- 
tion set for January, 1950. 

Garden City community leaders have 
assured the company that ade quate 
rental housing for the permanent per- 
sonnel of the plant will be provided and 
that the community will acquire the ur- 
used Army air base 12 miles from town 
for housing construction workers. 

Stanolind’s plant will take natural gas 
from the Hugoton field, some of which 
is not desirable for sale because of its 
low Btu. content, and will convert it 
into synthetic gasoline, diesel fuel, fuel 
oils, and useful chemicals. 

The gasoline and fuel oils produced 
will be marketed largely in the Kansas 
area. The chemicals produced will be 
distributed by U. S. Industrial Chem 
cals, Inc. 

As part of the project, the largest oxy- 
gen plant in America will be built at the 
site to supply oxygen for the process. 

This Garden City project will include 
a natural gasoline plant to extract lique- 
fiable hydrocarbons such as gasoline, bu- 
tane, and propane from the natural gas 
the synthesis plant itself including the 
oxygen production unit; a chemical re 
fining unit, etc. 


Sinclair Completes Part of 
Marcus Hook Expansion 


Sinclair Refining Company last month 
completed installation of a new catalytic 
cracking still at Marcus Hook, Pa., a uni 
capable of converting 25,000 barrels dail) 
of charging stock into gasoline, heating 
oil, thermal cracking stock and gas. The 
installation is designed to permit flex 
bility in the yields of the several prod- 
ucts, and will have a maximum daily 
gasoline producing capacity of 15,00 
barrels and a maximum daily heating oll 
capacity of 6000 barrels. 

Gas produced will go through a poly 
merization plant, now under construc 
tion, in which portions will be converted 
into gasoline. 

Also added to the Marcus Hook platt 
are a new boiler house, a boiler fee 
water treating plant, an enlarged wate! 
supply plant and two vacuum stills 
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Avoids corrosion and 


erosion due to stress 


intensification .. . 
applicable to pipe up 
to 8 feet in diameter 





M. W. KELLOGG engineers have perfected a method 
and apparatus for bending, im one piece, pipe large 
enough to hold a limousine! 


By eliminating the need for welded segments, the 
new process permits smoother, more uniform flow 
of fluids . . . reduces erosion and wear to a minimum, 


particularly where powdered catalysts are utilized. 


Through an ingenious application of heat and 
hydraulic pressure, large diameter pipe is bent in 
continuous incremental stages without buckling or 
creasing. The process is adaptable alike to small and 


NEW KELLOGE PROGESS MAKES 
GIANT PIPE BENDS /p one 22!” 








In pipe larger than 34 inches in diameter, bends have customarily 
been made by welding several segments together (left). The 
non-uniform contour of such welded bends increased erosive effects 
of flowing material because of the abrupt changes in direction of 
flow. In addition, a serious phenomenon, known as stress corro- 
sion developed at or near weld seams. The smooth contour of the 
new Kellogg one-piece bends reduces the factors of erosion and 
corrosion to a minimum. 











large diameters, to thin and thick-walled pipe, and 
to short and long radius bends. 


Exhaustive tests and analyses of 50-inch pipe, cur- 
rently being fabricated in the Kellogg Shops, prove 
that the new weldless, one-piece bending process 
produces results superior to any previously obtained. 


It’s this constant striving for improvement that 
accounts for Kellogg’s position in petroleum engi- 
neering ... the reason why so many of the world’s 
foremost petroleum companies turn to Kellogg 
when top performance is all-important. 


THE M. W. Kezzoce Company 


A SUBSIDIARY OF PULLMAN, INC. 
ENGINEERS TO THE PETROLEUM INDUSTRY 


NEW YorK JERSEY CITY LOS ANGELES TULSA 
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OPERATION HOW 10 it lI MAINTENANCE 
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DETAILS OF— 


Plant Fuel Gas Serubber Control System 





REABS RES!OVE GAS 
750m / 


A FUEL gas J 
oe 


scrubber and distri- 
bution system to sup- 
ply an uninterrupted | | 
flow of gas with a © 


L.PASs. 


} “\MANUAL CONTROL 


‘SB +oom 6s) 2 
ESA g + i 
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EMERGENCY 
FUEL GAS FROM 
PIPELINE 











minimum of main-| 4 
tenance is of prime 

importance to effici- © 
ent gasoline plant 
operation. The opera- 
tion of these systems 
is aided by proper 
application of con- 
trolling instruments. 
In the diagrammed 
system below, which 
is installed in the 
Vanderbilt gasoline 
plant of Magnolia 
Petroleum Company, 
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the instrumentation 
method used re- 
quires that the system receive routine 
inspection only, and eliminates the need 
for manual control except during an 
emergency, 

The plant has 750 Mcf daily of resi- 
due gas from a reabsorber which goes 
into the fuel system after passing 
through a fuel gas scrubber to remove 
entrained liquid. A liquid level con- 
troller prevents carry-over of liquid 
from the scrubber into the fuel system 
by closing a valve in the gas line and 
opening a valve in the line to a “stop” 
tank to drain off the liquid. The con- 
troller also closes a switch for a signal 
light on the control panel. In such an 
emergency gas from the scrubber is 
flared until the liquid has been drained 
from the scrubber. If the drain valve 
should not operate properly in draining 
the liquid, the operator has a manual 
control that closes the gas line valve 
and prevents liquid carry-over until the 
liquid is drained. 


Supply of Emergency Gas 

As the total fuel requirements for the 
plant amounts to about 6110 Mcf daily, 
the remainder of the fuel gas is sup- 
plied by gas from the low pressure ab- 
sorber residue scrubber, 5400 Mcf daily. 
This gas enters the system through a 
pressure regulator on the downstream 
side of the level controlled gas line 
valve. 

When the fuel gas scrubber is shut- 
down, the volume of gas available from 
the low pressure absorber residue scrub- 
ber is not sufficient for fuel require- 
ments. This difference is made up with 
gas from the gas transmission pipe line. 
operated at 1000 psig. with 6500 Mcf 
daily available for use as fuel. The line 
provides a floating supply of emergency 
fuel gas. 

A pressure. regulator maintains the 
pressure in the fuel system with make- 
up gas from the transmission line. The 
excess gas in the system is flared 
through the flare line pressure regu- 
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lator, which has an opening pressure 
slightly above the pressure maintained 
in the system. Each individual gas line 
is ‘equipped with a pressure regulator 
to maintain the required pressure. Flow 
meters on each inlet and outlet line of 
the system record the volumes of gas. 


Machine Devised to 
Clean Tank Bottoms 


io LIZING a small air-driven motor, 
pulleys, belts, and circular’ brass wire 
brushes, Robert Hines, tank foreman 
with Humble Pipe Line Company at 
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Tank Bottom Cleaning Machine 


Longview, Texas, fabricated a tank bot. 
tom cleaning machine which facilitates 
in the cleaning of the bottoms of gj 
storage tanks. 

The device is similar in operation and 
appearance to a floor sanding machine 
The motor is mounted slightly forward 
on the chassis and is connected to the 
brushes by V-belt and pulleys. The 
weight of the motor provides sufficient 
pressure upon the brushes to assure sat. 
isfactory cleaning action. The 12 brass 
wire brushes mounted on the axle clean 
a path approximately a foot wide. In 
using the air-driven motor and brass 
brushes, the possibility of sparking js 
precluded. 

The. motor can be removed for ug 
elsewhere when the tank cleaning open- 
tion is completed. 


HOW— 


Pipe Can Be Hung 
From Overhead |-Beams 


A HANGER that clamps to the over 
head I-beams of structural framed build 
ings offers a convenient method for sup 
porting overhead lines. Several lines ¢@ 
be supported by each hanger and # 
hangers are not placed too far apart 
they will prove effective as vibratiom 
dampeners.- 

The hanger consists of four parts, tw? 
clamping jaws and two straps which it 
snugly around the various sizes of pi 
ing installed. Two bolts hold the 4 
sembled hanger together. 

The installation of pipe in this ma 
ner presents a neat and orderly appe@™ 
ance. Simplicity of construction adds 
the effectiveness of the hanger. 
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Pictures above show how device works for removing springs from floating roof tanks. 


latch Wash Effluent from Condensers 


is carried to the plant sewer system via 
a fire hose attached to a drain coupling 
at the bottom of the pan. 

The splash-shield pan is made of light 
weight steel and bolts to the open end 


of the condenser. (See photo above.) A 


Warn cleaning condensers located 
above grade, the maintenance depart- 
ment of the butadiene plant of Cities 
Service Refining Corporation at Lake 
tarles, La., utilizes a splash-shield pan 
Similar to the condenser head to catch 
the wash effluent. -The dirty effluent 


gasket prevents the collected effluent 
from leaking. 
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Renwe Seite from 


Floating Roof Tank 


(See photos above) 


HERE are 160 upper coil springs on 
a typical. 55,000 barrel floating roof tank. 
The springs must be removed periodi- 
cally for greasing to prevent rust and 
corrosion. To remove each spring an 
eye-bolt nut is loosened approximately 
3 inches to allow the spring hook to be 
slipped off. Often the threads are rusted 
and the eye bolts are broken in trying 
to remove the nuts. 

A spring jack for removing these coil 
springs, devised by Mike Dobray of 
Humble Pipe Line Company, is pictured 
herewith. 

Dobray’s jack slips on the hanger bar 
and connects to the spring so that when 
a lever is pulled down the spring is 
stretched and can be lifted from the eye 
bolt without the eye-bolt nut being 
loosened. 


Modified Stripper 
ls Big Improvement 


NE-THIRD of the gas-oil feed 
stock for the three Fluid catalytic crack- 
ing units at Cities Service Oil Com- 
pany’s Lake Charles, La., refinery is pre- 
pared by propane de-asphalting reduced 
crude. The de-asphalting operation is 
controlled to produce a very heavy de- 
asphalted gas-oil in order to maximize 
catalytic cracking unit feed stock avail- 
ability. Only 2 percent of the crude is 
normally yielded as asphalt. As a result 
of such operation the de-asphalted resid- 
ual gas-oil tends to produce high cata- 
lytic coke yield and contaminates crack- 
ing catalyst rapidly. 

Experience at Lake Charles has proven 
that with conventional fluid unit oper- 
ating procedures about 10,000 barrels per 
day of this heavy residual gas-oil can 
be blended into the total feed stock 
charged to one cat cracker. As the refin- 
ery crude rates were stepped up the pro- 
duction of this gas-oil increased to 20,- 
000 barrels per day which made it nec- 
essary to blend the de-asphalted gas-oil 
into the feed stock of two catalytic units, 
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RGED FITTINGS LAST 























Equation for economy = 
cosf=price maintenance 
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Recommended Reading: 
W-S Bulletin 4-3, ed.12 

















Right Professor. THE MAJOR COST OF A FITTING 

IS THE COST OF ITS REPLACEMENT. And the life of one 
forged steel fitting is many times greater than that 

of any other fitting. That’s why W-S forged steel fittings 

cost less in the long run, for any industrial service. 


show: 
stripp 


If someone in the class asks why, show him 
photomicrographs of etched forged steel sections. 
He'll see compact metal structure which resists 
vibration-fatigue and corrosion. He’ll see uniform 
grain, free of cracks and pockets. 





Tell him, too, they’re smaller and lighter, size for size 
and service for service, than most cast types having only 
a fraction of their pressure rating. 


Available? PDQ from W-S distributors in all 
principal cities. 


WATSON-SIULMAN 
ROSELLE, NEW JERSEY 


Designers and Manufacturers of Forged Steel Fittings, Valves, Wire Rope 
Shears, Hand Pumps, Jacks, Pipe Benders and Hydraulic Equipment 


1848 +« CENTENNIAL - 1948 


CARBON STEEL 
Low Sulphur, Low Phosphor 
High Tensile, High Weldability 
Stainless types 304—316—347 
Chrome Moly—Carbon Moly— 


Chrome Carbon Moly—Monel 
Special alloys for Low Temperatures 








SOLD THROUGH LEADING DISTRIBUTORS 
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dicates the Cities Service modification. 
The magnitude of the improvement is 
shown by the following data: 


Comparison of Conventional and Two Level 
Stripper Operation 






































Single-Level Operation 





thus increasing the rate of contamin- 
ation on two beds of catalyst. 

Fortunately, however, the Lake 
Charles operators developed a modified 
stripper which resulted in their again 




































ni : 
. being able to charge the de-asphalted 
gas-oil production to one unit. Figure 1 
gs shows the conventional down flow unit 
stripping arrangement and Figure 2 in- 
DPRC 
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FIGURE 2 
Two-Level Operation 




















DPRC 
Conven- Two 
Q wees oe Feed Stock—BPSD tional Level 
— 
YI. 7. De-asphalted Oil 10,300 20,205 
Distillate Gasoil..... . .| 20.923 10,087 
Total Feed...... vs 31,223 30,292 
Carbon Residue on 
Feed Stock, Weight 
eee : 0.95 2.06 
Several other major companies have 
met with similar success with the two 
level operation. It is evident that the 
anime cost of making the conversion is negli- 
LINE ible. 
STRIPPING ... i STRIPPING 
STREAM STREAM ss 
‘Coin Your Idea’”’ 
ZS Contributions (with photos or 
| sketches) to this “How To Do It” 
one, Department are invited. 
STANDP! 
as Address the Editor 
FIGURE 1 
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HOW TO— . 


Solve One Problem of 
Tank Car Loading 


|. IS more or less normal practice 
to load tank cars carrying non-volatile 
petroleum liquids by means of a flexible 
hose which is inserted into an open 
manhole in the car dome. This practice 
has sometimes resulted in accidents 
where a loading line would come out 
of the tank car dome and spill petro- 
leum products over the car and over 
operating personnel. 

One satisfactory solution has been 
worked out by Ralph Williams of Wood 
River Oil and Refining Company, Inc., 
located at Hartford, Ill, The device, 
shown in the accompanying sketch, 
consists of a pair of folding arms at- 
tached to a clamp which in turn can be 
bolted to the loading line. The arms are 
so designed that, when the line is in- 
serted in the tank dome, they lock in 
an extended position and prevent re- 
moval of the line. A short piece of chain 
looped between the two projecting arms 
serves to pull these arms back into a 
position close to the loading line when 
it is desired to remove the line. 

(See sketches below.) 
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Design of Tank Feed Line Hook 
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Natural Gasoline Group Boasts 
Record of Accc aaa 


DheuxTion of what is now the 
Natural Gasoline Association of Amer- 
ica resulted from a critical period for 


i the casinghead gasoline maker back in 


1921. Prices were so low that some- 
thing had to be done. One of the first 
things decided upon was a set of speci- 
fications. The necessity for this later 
was described by H. T. Ashton, now 
manager of the Lubrite Division, Soc- 
ony-Vacuum Oil Company, in his paper 
before the annual meeting in 1926: 

“Even in 1921 a check of the Mid- 
Continent area revealed that there were 
more than 100 different grades of raw 
casinghead gasoline and blends being 
manufactured, This was an impossible 
situation and the association went to 
work to unsnarl this tangled mass of 
products.” 

Earlier M. W. Welch, first president 
of the association, had outlined the 
plight of the makers of the lighter 
hydrocarbons with: 

“We believe that the greatest good 
would be accomplished by commencing 
at and with the internal and intrinsic 
problems of our industry. We felt that 
if we set our house in order the satis- 
factory solution of the external or 
marketing problems would follow and 
that our commodity would logically 
and naturally take its true position in 
the price scale of petroleum problems. 
Instead of playing with the price situ- 
ation, which was threatening to con- 
sume us, we tried to make our struc- 
ture fire proof.” 


Specifications Approved 

The organization was formed April 
21, 1921 when-a few manufacturers met 
in Tulsa and its name was the Asso- 
ciation of Casinghead Gasoline Manufac- 
turers. By July of that year the asso- 
ciation had a set of specifications ap- 
Proved and the name had been changed 
to the Association of Natural Gasoline 
Manufacturers. 

In 1926 the name was changed again 
to the Natural Gasoline Association of 
America. 

Nineteen twenty-six also marked the 
ginning of the 10-year research pro- 
gram through which natural gasoline 
fained its rightful place in the family 
o% petroleum products. Dr. G. G. Brown 
ot the University of Michigan appeared 
on the program at the fifth annual meet- 
ing in Tulsa and his connection with the 
association began shortly afterward. 


His first annual report a year later 
‘rought the statement that as much as 
0 percent natural gasoline blend could 
e used in motor fuel to advantage. 
Further he observed that the first move 
'o that end was that he “had to sell the 
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natural gasoline manufacturers them- 
selves.” 

That the natural gasoline manufac- 
turers were willing students is evident 
from the growth of the association. 
Currently some of its committee meet- 
ings have attendance to exceed the 
total registration of the casinghead gaso- 
line manufacturers who met in despera- 
tion in Tulsa in 1921. Activity of the 
association has broadened into investi- 
gations of the uses of its products, an 
instance of which is the study of causes 
and correction of vapor lock, known 
officially as the Pawhuska road tests, 
which also provide data on many other 
phases of fuel performance in automo- 
bile operation. More recently the asso- 
ciation has undertaken the study of 
causes of corrosion of tubing and casing 
in distillate wells. 

Year after year the association has 
kept the industry informed on advance- 
ments and refinements in plant operat- 
ing methods. The economic situation 
has been analyzed as conditions have 
changed in relation to the lighter hydro- 
carbons. The more recent turn of the 
industry to petrochemical processing has 
resulted in programs to include these 
developments. Likewise the liquefied pe- 
troleum gas expansion has demanded 
a place on association programs. 

Since formation of the California 
Natural Gasoline Association in 1925 
the two organizations have worked to- 
gether in many efforts. 

Although the annual meeting of the 
Natural Gasoline Association of Amer- 
ica is its high point in activity, the work 


of the association goes on constantly 


trough committees. Here specifications 
are revised; plant operating problems 
studied; cooperation with other asso- 
ciations furthered and education of its 
own members helped. These committees 
assist the affiliated Natural Gasoline 
Supply Men’s Association in editing and 
producing the Technical Bulletin, which 
has come to be a standard reference 
work for the whole petroleum industry. 
No better evidence of the position the 
association holds within the petroleum 
industry could be offered than the regis- 
tration report from the twenty-seventh 
annual meeting in~ Fort Worth last 
month when 952 persons registered. 


Meeting Development 

In the early years of the association, 
one-day sessions were held in various oil 
cities and were called “Plant Operator’s 
Meetings.” The programs were arranged 
for these men and filled the need for 
the exchange of information on the wide 
variety of operating techniques, safety 
in handling volatile gases and even 
what to do with the-products manufac- 
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tured, which was needed by practically 
everyone in the business. As the indus- 
try became more stabilized and funda- 
mentals of good plant practice were 
better understood, these meetings were 
discontinued. Later it was realized that 
men in the plant and field have ad- 
vanced as fast as the industry, but their 
problems also multiplied as the industry 
advanced. Annual conventions were of 
necessity too crowded with discussions 
of industry policy and broad economics 
to permit inclusion of many operating 
papers. Also, the large territory over 
which the industry is spread, prevented 
many plant and field men from attend- 
ing the annual convention. 

The Panhandle Plains regional meet- 
ing, first of the regional meetings, was 
held in Amarillo, Texas, last |Decem- 
ber and drew an attendance of 300. The 
second was the Gulf Coast regional 
meeting in Corpus Christi, Texas, in 
January with nearly 300 present. 


Hanlon Award 

Each year the NGAA selects an in- 
dividual who has made outstanding con- 
tribution to the natural gasoline industry 
as recipient of The Hanlon Award. 
Twelve men have received the award, 
the highest honor in the natural gaso- 
line industry and one of the ranking 
merit awards of the entire petroleum 
industry. 

Donor of the award is E. I. Hanlon, 
president of The Hanlon Company, 
chairman of the board of the National 
Bank of Tulsa, and a pioneer of the 
natural gasoline industry. 

Officers for 1947-1948 include Presi- 
dent, C. R. Williams, The Chicago Cor- 
poration and four vice presidents: Henry 
M. Brown, Midland Gasoline Company; 
R. D. Gibbs, Union Oil Company of 
California; James E. Pew, Sun Oil Com- 
pany and Albert H. Weil, United Gas 
Pipe Line Company. 

The board of directors comprises: 
John B. Atkins, The Parade Company, 
Shreveport, La.; Phil D. Baker, The 


Carter Oil Company, Tulsa; C. E. 
Brock, Kansas Power & Light Com- 
pany, Salina, Kan.; George P. Bunn, 


Phillips Petroleum Company, Bartles- 
ville, Okla.; Henry M. Brown, Midland 
Gasoline Company, Houston; J. H. 
Dunn, The Shamrock Oil and Gas Cor- 
poration, Amarillo, Texas; R. D. Gibbs, 
Union Oil Company of California, Los 
Angeles; Allen T. Givens, Coltexo Cor- 
poration, Monroe, La.; T. R. Goebel, 
Shell Oil Co., Inc., Houston; F. B. 
Haverfield, Continental Oil Company, 
Ponca City, Okla.; J. A. LaFortune, 
Warren Petroleum Corporation, Tulsa; 


M. R. Lents, J. S. Abercrombie Com- 
® CONTINUED ON PAGE 165 
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Porocel—a “family” of granular activated baux- 
ites—is well known to most refiners. Its profitable 
uses in the percolation finishing of oils and waxes 
and as desulfurization and reforming catalyst 
are legion. But don’t take it for granted that 
Porocel’s value is limited to its common uses. 


It is encommonly versatile! 


Consider Porocel, for instance, in your expand- 
ing Chemical Products plans. It’s likely there’s 
a multitude of scrubbing operations where, 
during the course of making petro-chemicals, 
other materials introduced must have their last 
traces removed in order to gain complete stability. 
These are jobs for Porocel with its large and 


highly active surface area and its chemical inert- 








ness. And Porocel’s doing these tasks every day 
with sulfur, acids, fluorides and other impurities. 


Or, as a special reforming catalyst, Porocel can 
be the answer to some of the complications 
encountered in present-day manufacture of petro- 


chemical -products. 


We've perfected many intricate pre-treatments 
required to alter Porocel for specific adsorption 
and catalytic duty. Our sources and facilities 
insure prompt supply of uniform material. And, 
we'd welcome the chance to help you cut costs and 
improve products—with “engineered” Porocel. 
Address: Attapulgus Clay Company (Exclusive 
Sales: Agent) Dept. B, 210 West Washington 
Square, Philadelphia 5, Pa. 


o~, 
PORQCEL 


ACTIVATED BAUXITES « SUPPORTED CATALYSTS « CATALYST CARRIERS «© ADSORBENTS AND DESICCANTS 
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California Has Own Association 








Formep in 1925 for the purpose of 
standardizing technical procedures for 
the natural gasoline industry in the 


West, 


the California Natural Gasoline 


Association now has some 600 active 





Natural Gasoline Group 
® CONTINUED FROM PAGE 163 


pany, 
Gloria 
Texas; 
Compa 


Houston; John F. Lynch, La 
Corporation, Corpus Christi, 
H. W. Manley, Barnsdall Oil 
ny, Tulsa; I. Earl Nutter, Hagy, 


Harrington & Marsh, Amarillo; R. N. 
Parks, Virginian Gasoline & Oil Com- 
pany, Charleston, W. Va.; F. M. Perry, 
Cities Service Oil Company, Bartlesville, 
Okla.; James E. Pew, Sun Oil Company, 


Philadelphia; 


Glen R 


Paul M. Raigorodsky, 
ose Gasoline Company, Houston; 


T. L. Taggart, Standard Oil Company 


of Cal 


ifornia, San Francisco; F. H. 


Townsend, Lone Star. Producing Com- 
pany, Dallas; James W. Vaiden, Skelly 


Oil Co 


mpany, Tulsa; W. H. Vaughan, 


Tide Water Associated Oil Company, 
Houston; Albert H. Weil, United Gas 


Pipe L 


Williams, 


Corpus 
Cotton 
Cotton 


Willi 


ine Company, Shreveport; C. R. 

The Chicago Corporation, 
Christi; and Evan A. Thomas, 
Valley Operators Committee, 
Valley, La. 

am F. Lowe has been secretary 


of the association since 1934. 
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ETHING unique in association 


activity is the functioning of the Natu- 
tral Gasoline Supply Men’s Association. 


Its one 
ment a 
tural (¢ 


purpose is to provide entertain- 
t the annual meeting of the Na- 
rasoline Association of America. 


Each year it has a brief business meet- 


ng at 
reports 


which officials are elected and 
made. 


Then it stages the whole program for 


banque 


t and entertainment as fits the 


occasion, It has been providing this 
auxiliary service since 1928. 

This association had its start when 
manufacturers of equipment sought 
means of promoting their own affairs 
while aiding the attendance of conven- 
ton programs. The result was that man- 
wlacturers grouped their effort for one 
round of hospitality at each annual 
meeting. 

Back in 1935 the supply association 
provided a Technical Bulletin, the popu- 
larity of which was so widespread that 
the fifth edition was necessary by 1946. 
Data for this bulletin are provided 
through cooperative effort of technical 
committees of the two associations and 
revisions are made as more data reach 
the status of acceptance in plant opera- 
tion. 

Officers of the association for 1947-48 
are as follows: Roy R: Bush, Nord- 
stom Valve Company, president; J. N. 
McClure, Elliott Company, first vice 
President; L. L. Dresser, Dresser Engi- 
heering Company, second vice-president; 
allas S. Deems, American Air Filter 
Company, Inc., treasurer; and W. F- 
Ow’ secretary (reelected). 


members and received the support of 
some 200 oil, natural gasoline, gas equip- 
ment and engineering firms. Its indus- 
try-wide recognition as a technical non- 
profit educational organization is the 
natural result of 23 years of effort to 
bring about high standards of test meth- 
ods and gas measurement procedure, 
and to serve as a medium for the dis- 
semination and exchange of information. 
Monthly meetings are held in Taft, 
Ventura and Los Angeles. 

The aims of the association are not 
the work of any one man; rather the 
procedure and rules under which CNGA 
works grew out of its formative years. 
Principles were laid down in the first 
few years which have been maintained 
to insure continuing service to the in- 
dustry. These basic rules may be sum- 
marized: 

(1) The CNGA discharged a respon- 
sibility to the personnel of the natural 
gasoline industry in the matter of their 
education to better fit them for their work, 
acquaint them with some of the underly- 
ing technical facts necessary to the effi- 
cient execution of their daily duties, and 
to provide meetings where all engaged 
in making natural gasoline can meet 
and discuss mutual problems. 

(2) Standardization. CNGA has arrived 
at standards of procedures for meter- 
ing and testing for natural gas and gaso- 
line, which are acceptable throughout 
the industry by buyers and sellers. The 
legal advantage of possessing a recog- 
nized procedure for testing can best be 
appreciated by those who have attempted 
to detail a particular test method in their 
contracts. It obviously is simpler to 
merely include a paragraph stating the 
test procedure shall be as detailed in 
the appropriate CNGA Bulletin. 

(3) The organization supplies the oil 
industry with reliable information, show- 
ing the statistical position of the natural 
gas and natural gasoline business from 
month to month. Companies furnished 
data on a strictly confidential basis, the 
result being published by fields only. 

(4) A guiding NGAA principle has 
been that the group, primarily technical 
in their interests, should approach their 
problems from the viewpoint of engi- 
neers, and should maintain strict profes- 
sional ethics in their contacts with com- 
mercial organizations. 

These basic ideals have been helpful 
in preserving the association through 
difficult times and have been respon- 
sible largely for its excellent esprit de 
corps. 

Problems Outlined 

Committees are formed to carry on 
the never ending work of standardiza- 
tion. Technical members of these groups 
receive the cooperation of their re- 
spective companies in the matter of time 
and use of needed facilities. Problems 
requiring extensive research are not un- 
dertaken; rather the study of available 
methods of doing a job and the develop- 
ment and recommendation for adoption 
oe a standard of the procedures thought 

est. 

For the fiscal year of 1947-48 the tech- 
nical committee has had certain prob- 
lems assigned them which in part consti- 
tute their present objectives as follows: 

Problem No. 1: Color Code Commit- 
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tee—As the result of discussion on the 
apparent necessity of a uniform code of 
marking pipe lines an examination is 
being made of codes and systems now 
in use. 

Problem No. 2: Gas Measurement 
Committee — CNGA’s present Bulletin 
TS-353 does not include the coefficients 
for orifice plates to be used in heavy 
and extra heavy pipe. These coefficients 
will be computed by the method given 
in TS-353 jointly with Pacific Coast 
Gas Association and the Southern Cali- 
fornia Meter Association as a supple- 
ment to TS-353. 

Problem No. 3: Fractional Analysis 
Committee—This committee is consid- 
ering three projects: 

1) Possible revision of TS-411 relating 
to the dimensions of the condenser bath; 
2) Make a comparison of the recent 
NGAA fractional analysis procedure 
with that outlined in CNGA Bulletin 
TS-411 to determine if any conflicts 
exist and if CNGA procedure comes 
within the specifications of the NGAA 
procedure; 3) Investigation and study 
of the silver bead corrosion test for 
LPG products. 

In addition to these problems the 
CNGA technical committee actively co- 
operates with the ASTM and NGAA 
and API in the development of techni- 
cal standards for industry. 

During its 23 years, the CNGA has 
been actively and successfully engaged 
in bringing about a condition of tech- 
nical uniformity within the industry. 
The publication of 15 tentative. standards 
represents sound steps forward in the 
technical advance of the industry. 


Officers and Directors 


Officers for the fiscal year 1947-1948 
include: President, F. J. Colton, Tide 
Water Associated Oil Company; Vice 
President, W. A. Kirk, California South- 
ern Oil Company; and Secretary-Treas- 
urer, E. R. Millett, Jr., California Nat- 
ural Gasoline Association. 

Directors follow: (asterisk indicates 
past presidents and members of execu- 
tive committee, dagger indicates mem- 
bers of executive committee.) *M. 
L. Arnold, Richfield Oil Corporation; 
Coles B. Bason, Ingersoll-Rand Com- 
pany; A. H. Bradford, West Coast Re- 
fining Company; tJohn G. Braun, C. F. 
Braun & Company; J. A. Campbell, J. A. 
Campbell Company; *L. V. Cassaday, 
Lomita Gasoline Company; F. J. Colton, 
Tide Water Associated Oil Company; 
D. A. Cushman, Fullerton Oil Company; 
*W. C. Dayhuff, California Research 
Corporation; F. F. Doyle, Pacific Gas 
& Electric Company; TW. Earl Dunn, 
The Fluor Corporation, Ltd.; *H. L. 
Eggleston, General Petroleum Corpora- 
tion; TR. C. Enderly, Wilmington Gaso- 
line Company; M. L. Fort, Pacific Light- 
ing Corporation; R. E. Foss, Barnsdall 
Oil Company; *C. D. Gard, Union Oil 
Company of California; *R. D. Gibbs, 
Union Oil Company of California; *R. 
W. Heath, Signal Oil & Gas Company; 
J. C. Herron, Shell Oil Company, Inc.; 
+C. L. Hutchings, Tide Water Assoc. 
Oil Company; *M. W. Kibre, General 
Petroleum Corporation; W. A. Kirk, 
California Southern Oil Company; TW. 
H. Kraft, Honolulu Oil Corporation; 
*H. R. Linhoff, Richfield Oil Corpora- 
tion; R. S. Lytle, operator; S. F. Magor, 
The Superior Oil Company; *P. S. Ma- 


gruder, General Petroleum Corporation; 
+Geo. C. McLaren, Standard Oil Com- 
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pany of California; }Wm. Moeller, Jr., 
Southern California Gas Company; TH. 
E. “Moulton, C.C. M.O. Company; *N. 
H. Mull, The Texas Company; H. W. 
Parmelee, Del Valle Gasoline Company; 
+H. M. Paulsen, The Norwalk Company; 
*W. W. Robinson, Jr., The Texas Com- 
pany; J. G. Sargent, K. N. D. A.; W. D. 
Smith, Wilshire Oil Company; George 
Sowards, The Ohio Oil Company; fJ. B. 
Taylor, Signal Oil & Gas Company; 
+R. S. Tulin, Shell Oil Company, Inc.; 
*T. L. Taggart, Standard Oil Company 
of California; E. W. Walker, Western 
Gulf Oil Company; E. W. Webb, Conti- 
nental Oil Company and D. M. Wolfe, 
Standard Oil Company of California. 


Committee Chairmen 

CNGA committee chairmen 

Advisory Committee—W. A. 
California Southern Oil Company. 

By-Laws Revisions Committee—J. B. 
Taylor, Signal Oil & Gas Company. 

Entertainment Committee—R. D. 
Raasch, The OFCCO Company. 

Fall Meeting Committee— R. S. Ridg- 
way, Standard Oil Company. 

Finance and Budget Committee—R. 
W. Heath, Signal Oil & Gas Company. 

Gas Report Committee—R. S. Tulin, 
Shell Oil Company, Inc. 

Membership Committee—R. W. Todd, 
Pacific Lighting Corporation. 

Program Committee—Paul Arm- 
strong, Union Steam Pump Sales. 

Publicity Committee—M. L. Arnold, 
Richfield Oil Corporation. 

Technical Committees and 
mittees include: 

Technical Committee—E. P. Valby, 
Richfield Oil Corporation; D. V. Johns, 
California Research Corporation, vice 
chairman, 

Technical Advisory Committee—W. 
C. Dayhuff, California Research Corpo- 
ration; R. R. Crippen, The Texas Com- 
pany, vice chairman. 

Gas Measurement Committee No. 1— 
Mark Mcllvaine, C. C. M. O. Company. 

Low Temperature Fractional Analy- 
sis No. 2—R. A. King, Union Oil Com- 
pany. 

Physical Constants Committee No. 5— 
George Horne, Richfield Oil Corpora- 
tion. 

Charcoal Test Committee No. 6—J. 
E. Adams, Signal Oil & Gas Company. 

Liquefied Petroleum Gas Committee 
No. 9—J. R. Spencer, California Re- 
search Corporation. 

Editorials & Revisions Committee No. 
10—R. J. Allen, General Petroleum Cor- 
poration. 

Orsat Analysis Method Committee 
No. 14—R. A. Montague, Standard Oil 
Company of California. 

Piping Color Code Committee No. 15 
—R. F. Vincent, The Texas Company. 


include: 


Kirk, 


sub-com- 


Westinghouse Research 
Now Headed by Hutcheson 


Dr. John A. Hutcheson has been ap- 
pointed director of the Westinghouse 
research laboratories, succeeding Dr. L. 
Warrington Chubb, who is retiring from 
active direction for reasons of health, but 
who will continue to serve in an advisory 
capacity. Dr. Hutcheson has been asso- 
ciate director for four years. During this 
period he directed the company’s exten- 
sive wartime radar research program and 
later the formulation of plans for atomic 
energy development. He will remain 
active in both fields. 
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Big attondunce ab Fert Weith patliering 
hears interesting discussions 


GORDON W. ALEXANDER, Associate Editor 


‘tee 27th annual convention of the 
Natural Gasoline Association of America 
was held in Fort Worth, Texas, on 
March 24, 25, and 26 with between 950 
to 1000 plant operators, design engineers, 
equipment men, and others concerned 
with technical developments within the 
natural gasoline and petrochemical man- 
ufacturing industry in attendance. 

Highlight of the meeting was the pres- 
entation of the Hanlon Award to Colonel 
George A. Burrell, president, Atlantic 
States Gas Company, Inc., New York. 
Presentation was by NGAA president, 
C. R. (Dick) Williams, The Chicago 
Corporation, Corpus Christi, Texas. 

Colonel Burrell is the twelfth recipient 
of the award, which is conferred each 
year for outstanding service to the natu- 
ral gasoline and cycling industries. The 
citation read in part: “There is little 
doubt that this man was the first experi- 
menter to make an exact analysis of 
natural gas. He conceived the type and 
character of equipment required, made 
and assembled it himself, and made it 
work. This was in 1915. It is scarcely 
open to question that this was one of the 
most important detail steps in the tech- 
nological progress of the petroleum-gas 
field.” 

Officers Reelected 

The officers now active in the associa- 
tion were reelected for the coming year 
as follow: C. R. Williams, The Chicago 
Corporation, Corpus Christi, Teaxs, 
president; Albert H. Weil, United Gas 
Pipeline Company, Shreveport, La., R. 
D. Gibbs, Union Oil Company, Los 
Angeles, James E. Pew, Sun Oil Com- 


pany, Dallas, and. Henry M. Brown, 
Midland Gasoline Company, Houston, 
vice presidents; and William F. Lowe. 
secretary-treasurer. 

Featured papers presented at the ses- 
sions dealt with the increase in produc- 
tion of lighter hydrocarbons at lower 
costs, better utilization of these hydro- 
carbons, maximum possible recovery of 
natural gas, and conservation of the 
various hydrocarbon constituents of oil 
and gas reserves. These were timely and 
received with great interest due to the 
unprecedented demand for these prod- 
ucts for use in liquefied petroleum -gases 
markets and the manufacture of motor 
fuels. 

The initial session of the convention 
was devoted to cycling operations with 
John F. Lynch, La Gloria Corporation, 
as chairman. 





Plant Designer Paper 

“Condensation of Hydrocarbon-Water 
Mixtures on Finned Tubes” by Don- 
ald L. Katz and Daniel C. Gillespie of 
the University of Michigan, presented 
data gathered from experiments to find 
the static retention of liquid on finned 
tubes as a function of the ratio of surface 
tension to liquid density. 

Finned tubes provide extra surface on 
the outside, and prove valuable in many 
cases where the outer wall heat transfer 
coefficient is relatively low. This extra 
surface is effective for most organic sub- 
stances including hydrocarbons in reduc- 
ing the size: of condenser needed for a 
specified duty. Water condensing with 
hydrocarbons creates a new complication 


Colonel George A. Burrell (left) admires the Hanlon Award which has just been presented by 
; C. R. Williams, NGAA president. 
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“INFORMATION PLEASE” session panel of experts in action, reading left to right, J. R. Butler, of J. S. Abercrombie, Inc.; J. G. De Flon of the Flour 


Corporation; J. B. Zachry, 


Mox Landry, Bruce-McBeth Engine Company; O. L. Smith, The Happy Company; 


Worthington Pump & Machinery Company; F. J. Colton, Tide Water Associated Oil Company; J. E. Bludworth, consultant; 
G. L. Brennan, Warren Petroleum Corporation; Harold M. Smith, U. S. 


Bureau of Mines; W. W. Scheumann, Cities Service Oil Company; R. N. Williams, Elliot Company; Ray Carter, Stanolind Oil & Gas Company; and Merle 


due to the presence of two liquid phases 
in contact with the fins. 

Laboratory measurements were re- 
ported of heat transfer coefficients at- 
tained while condensing eutectic binary 
mixtures of water with pentane, iso- 
octane, benzene, and chloro-benzene. 
Water in low concentrations decreases 
the heat transfer coefficients while at 
concentrations of 30 percent or more the 
coefficients are above those for hydro- 
carbons. The decrease in heat transfer 
is due to the water accumulation be- 
tween the fins. 

“A Study of Cycling Operations in the 
West Austin Sands” by Charles B. John- 
son, Jr., Chief Engineer, The Chicago 
Corporation, Corpus Christi, Texas, was 
presented by Dr. Frank H. Dotterweich, 
director, Division of Engineering, Texas 
College of Arts and Industries, Kings- 
ville, with a descriptive commentary by 
the author. 

A discussion providing information on 
the use of the super-expansibility factors 
in high pressure gas measurement was 
presented by E. P. Valby, gas engineer 
of the Richfield Oil Corporation. Devia- 
tions of natural gases and other gases 
from the perfect gas law have been 
recognized for many years. The expand- 
ing use of orifice meters and various 
texts made to determine orifice meter 
coefficients, emphasized the need for 
deviation factors for the particular gases 
being measured. A deviation test appa- 
ratus was developed by H. S. Bean of 
the United States Bureau of Standards, 
and the use of this apparatus and its 
subsequent modifications has made avail- 
able a source of experimental data on the 
behavior of a variety of hydrocarbon 
gases and mixtures. 


Economics Session 


Albert H. Weil, United Gas Pipeline 
ompany, was chairman of an economics 
session which considered the significance 
o liquids from natural gas, the maxi- 
mum recovery of hydrocarbons by con- 
servation measures, and process methods 
‘0 improve LPG recovery in gasoline 
plants. 

NGAA president, C. R. Williams of 
he Chicago Corporation, Corpus 
Christi, discussed the “Significance of 
iquids from Natural Gas.” 

inde history of the natural gasoline 
Mdustry is such that there has never 


Church, Shell Oil Company. 


been a marker established with which 
succeeding periods of production can be 
compared to determine whether or not a 
so-called record may have been set or 
passed. The industry has never decel- 
erated for a sufficiently long period of 
time to determine such values,” he said. 
“Since the inception of the cycling plant, 
the direct sale of products from gas has 
become a first class competitor of the 
refineries for a share of the expanding 
domestic motor fuel market.” 

Domestic users of liquid petroleum 
gases in 1947 consumed 41 percent of the 
total production of the natural gasoline 
industry. Production in 1947 was 130 
million barrels and represented an in- 
crease of 16.3 million barrels over 1946, 
he pointed out. 

“The recovery of these products is 
really a huge conservation measure,” 
Williams reminded, “resulting in the 
salvaging of materials that otherwise 
would not have been_recovered. 

Texas Railroad Commissioner Wil- 
liam J. Murray, Jr., in presenting “Maxi- 
mum Recovery of Hydrocarbons,” urged 
that every effort be made to recover the 
maximum hydrocarbon constituents from 
oil and gas reserves. 

“Such a course,” Murray declared, 
“will prolong the life of all reserves, in- 
crease profits of the industry and tend to 
prevent nationalization of the oil indus- 
try. Both oil producer and gasoline plant 
operator have a responsibility to the 
public, and if the profit motives and vol- 
untary cooperation do not work to attain 
the maximum possible recovery of all 
petroleum hydrocarbons, then the public 
is liable to step in, assert that it has an 
interest, and demand compulsory con- 
servation measures.” 

“Modern Process Methods to Improve 
LPG Recovery” by G. W. McCullough, 
K. H. Hachmuth, and A. J. Miller, Phil- 
lips Petroleum Company, explains how 
knowledge of absorption variables, 
gained during the previous years, now 
allows the selection of optimum operat- 
ing conditions for economical high pro- 
pane extraction. (This article is published 
in this issue of PETROLEUM REFINER.) 

A number of experiments demonstrat- 
ing the “Inflammability of Gases” were 
presented by G. M. Kintz and H. 
Browne, U. S. Bureau of Mines, Dallas. 
Adequate safety education in the haz- 
ardous characteristics of liquid hydro- 
carbons and gases is a necessary step in 
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the prevention of serious plant accidents. 
Kintz demonstrated conditions under 
which such accidents could occur and 
urged that an adequate safety education 
for plant workers be provided. 

“More Propane for Less Money” by 
Z. C. Ambrose, Southwest Gas Produc- 
ing Company, Inc., described a process 
scheme designed for 80 percent propane 
extraction and’ includes dehydration of 
wet gas charge followed by refrigeration 
before absorption; use of a low molecular 
weight absorption oil, made possible by 
low absorber temperature; and “dry” 
distillation of rich oil in a two-stage 
stripping system. Use of a low molecular 
weight absorption oil permits circulation 
of about one half as much absorption oil 
as would be required in an equivalent 
plant of conventional design. The plant, 
through a two-stage stripping system, 
avoids use of direct fired heaters for 
stripping the rich oil, even though the 
heavier products have a boiling range in 
excess of those obtained in many high 
pressure gasoline plants. 

Absorber operation at lowered tem- 
perature provides some increase in de- 
sirable selectivity, thus, eliminating much 
of the troublesome fixed gases which 
are normally picked up. 


Industry Status 


R. M. Chan, vice president of Mag- 
nolia Petroleum Company, in “The Oil 
Industry Today” reviewed present con- 
ditions, outlined the supply and demand 
picture during the past several years, 
discussed factors influencing the present 
rising demands, and suggested measures 
that might help in educating the public 
to practice oil conservation. 

During the motor fuels _ session, 
James E. Pew, Sun Oil Company, chair- 
man, discussed on the efficiency of fuels 
and engines, and the _ utilization of 
alcohol-water injection to increase the 
efficiency of engines were presented. 

A reversal of the conditions which 
have caused the steady disappearance of 
private risk capital from the American 
scene will be necessary if the $12 to $15 
billion the oil industry will need for ex- 
panded operations in the next ten years 
are to be available, according to Richard 
Wagner, president of The Chicago Cor- 
poration, in “Risk Capital in the Petro- 


leum Industry.” 
' ® SEE NGAA Page 188 
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Eagle-Picher Super “66” Insulating Cement 


has unique “Springy Ball” Structure! 


“Springy Ball” pellets of Eagle-Picher Mineral Wool 
give Super “66” tremendous insulating efficiency. Each 
pellet contains heat-saving dead air cells that remain after 
the insulation dries to preserve extremely low thermal 
conductivity. In addition, Super “66” actively inhibits 
rust on metal equipment. It’s all-purpose, sticks to any 
shape surface, and withstands temperatures up to 1800F. 


Complete technical and application data on request. 
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New reserves of crude oil during 
1947 somewhat more than compensated 
for production during the year, but the 
29 percent net gain in reserves was 
much less than the 7.2 percent increase 
in the annual rate of production, the 


API report released last month dis- 
dosed. While U. S. crude reserves of 
21,487,685,000 barrels at the end of 1947 
represented a new all-time peak, they 
were equivalent to only 11.6 years’ sup- 
ply on the basis of the production of 
850,445,000 barrels in, 1947. The re- 
serves of 20,873,560,000 barrels at the 
end of 1946 had been equivalent to 12.1 
years’ supply on the basis of the produc- 
tion of 1,726,348,000 barrels in 1946. 

The API estimated crude reserves 
and the AGA natural gas, and they col- 
laborated on the estimates of natural gas 
liquids. 

This dwindling of years’ supply of 
crude in reserve, in the face of excep- 
tionally active drilling did not mean a 
great deal. 

In the three decades since 1918, proved 
U. S. reserves have sometimes been as 
much as 16 to 17 times the prevailing 
annual production. With the exception 


they have never been less than 12 times 
prevailing annual production. 

Under the reasonable assumption that 
U. S. crude reserves should have been 
maintained in 1947 at least at the end-of- 
1946 ratio of 12.1 times annual produc- 
tion, it is indicated that at the end of 
1947 the reserves should have been at 
least 22,390,384,500 barrels. Instead, they 
were actually estimated at only 21,487,- 
685,000 barrels. This indicated a defi- 
ciency of 902,699,500 barrels in reserve 
finding in 1947, 

Instead of proving up the estimated 
total of 2,464,570,000 barrels of new re- 
serves in 1947, it would have been neces- 
sary to block out the 902,699,500 barrels 
additional, or a total of 3,367,269,500 
barrels of new reserves to prevent deter- 
ioration of the reserves position. The 
proving up of reserves would have had 
to be 36.6 percent more than the actual 
performance. 


New Estimates : 
The new estimates of API and AGA 
indicate that the total proved liquid hy- 
drocarbon reserves in the U. S. as of 
December 31, 1947, amounted to 24,741,- 


barrels more than the corresponding re- 
serves of 24,036,779,000 barrels at the end 
of 1946. These figures —— natural gas 
liquids as well as crude oil. Crude re- 
serves were estimated at 21,487,685,000 
barrels at the end of 1947, up 614,125,000 
from the 20,873,560,000 barrels estimated 
at the end of 1946. Reserves of natural 
gas liquids, including condensate, natural 
gasoline, and liquefied petroleum gases, 
were estimated at 3,253,975,000 barrels 
December 31, 1947, up 90,756,000 from 
the 3,163,219,000 barrels at the end of 
1946 ‘ 

The estimates include only oil and nat- 
ural gas liquids recoverable under exist- 
ing economic and operating conditions. 
The estimations do not include crude oil 
in the unproved portions of partially de- 
veloped fields; oil in untested prospects; 
oil that may be present in regions be- 
lieved to be favorable; oil that becomes 
available by secondary-recovery meth- 
ods; liquid fuels that may become avail- 
able through chemical processing of nat- 
ural gas; or synthetic fuels that may be 
— from coal, shale, or other mate- 
Tiais., 





bas Reserves 








| * SPITE of comparatively high rates 
of drilling in 1947, the proving up of re- 
serves of natural gas and natural gas 
liquids in the U. S. was not sufficiently 
successful to prevent declines during the 
year*in reserves of both resources in 
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f several years in the middle 1920’s, 660,000 barrels. That was 704,881,000 terms of years’ supply at prevailing rates 
Oil Reserves and Production of the United States 
All Figures in Barrels 
Estimated Proved Ratio of Reserves Net Increase 
Reserves *New Reserves Crude Oil Estimated Proved | At End of Year to or Decrease 
Beginning Proved During Production Reserves at End |Year’s Production in Reserves 
YEAR of Year Year | During Year of Year (Year’s Supply) During Year 
Reserves Including 
Condensate 
TT oaated wealeés 5,900,000,000 655,928,000 355,928,000 6,200,000,000 17.4 + 300,000,000 
1919. . 6,200,000,000 878,367,000 378,367,000 6,700,000,000 17.7 + 500,000,000 
| RS 6,700,000,000 942,929,000 442,929,000 7,200,000,000 16.3 + 500,000,000 
a ee eee 7,200,000,000 1,072,183,000 472,183,000 7,800,000,000 16.5 + 600,000,000 
te dt 7,800,000,000 7,531,000 557,531,000 7,600,000,000 13.6 | — 200,000,000 
RRS 7,600,000,000 732,407,000 732,407,000 7,600,000,000 10.4 i” Seal 
EE, Sr? 7,600,000,000 613,940,000 713,940,000 7,500,000,000 10.5 | — 100,000,000 
Re eee 7,500,000,000 1,763,743,000 763,743,000 8,500,000,000 11.1 | +-1,000,000,000 
ie Miia vida Glinieda 8,500,000,000 1,070,874,000 770,874,000 8,800,000,000 11.4 | 300,000,000 
err 8,800,000, 2,601,129,000 901,129,000 10,500,000,000 11.7 +1,700,000,000 
_ Sa eee 10,500,000,000 1,401,474,000 901,474,000 11,000,000,000 12.2 500,000,000 
ET cette ha dase a 11,000,000,000 3,207,323,000 1,007,323,000 13,200,000,000 13.1 +2,200,000,000 
ero 13,200,000,000 1,298,011,000 898,011,000 13,600,000,000 15.1 + 400,000,000 
it pckedth hewn de 251,081,000 851,081,000 13,000,000,000 15.3 — 600,000,000 
ae 13,000,000,000 85,159,000 785,159,000 12,300,000,000 15.7 — 700,000,000 
Gs cen ine ened 12,300,000,000 656,000 656, 12,000,000, 13.3 — 300,000,000 
er 2. ,000, 1,085,065,000 908,065,000 12,177,000,000 13.4 + 177,000,000 
I irah ddd, once 12,177,000,000 1,219,596,000 996,596,000 12 ,000,000 12.4 + 223,000,000 
hn 5 458 wn 44,458 Agls 12.400,000,000 1,763,087,000 1,099,687,000 Te 063,400,000 11.9 + 663,400,000 
a ys, = 13,063,400,000 3,723,028,000 1,279, 160,000 5,507,268,000 12.1 +2,443,868,000 
DA Ae dn 4 die bine Sees 15,507,268.000 3,055,233,000 1,214,355,000 7 348,146,000 14.3 +1,840,878,000 
ian s-acaihtiat 4 17,348, 146,000 2,399,828,000 1,264,962,000 18,483,012,000 14.6 +1,134,866,000 
as va ccd hee 18,483,012,000 1,894,717,000 1,353,214,000 19,024.515,000 14.1 + 541,503,000 
a BE 19,024,515,000 1,967,009,000 1,402,228,000 19,589,296,000 14.0 + 564,781,000 
Ditch anls dabeky ams 19,589,296,000 1,880,142,000 1,386.645,000 20,082,793,000 14.5 + 493,497,000 
RGD oye bcuiei ngs 20,082,793,000 1,486,972,000 1,505,613,000 20,064, 152,000 13.3 — 18,641,000 
_ RE Peart | 20,064,152,000 2,066,983,000 1,677,904,000 20,453,231,000 12.2 + 389,079,000 
ey i | 20,453,231,000 2,087,237,000 1,713,655,000 20,826,813,000 12.2 + 614,125,000 








i 870, ohy 000 
2,665,653,000 
2,470,232,000 


1,733,939,000 
1,856, 107,000 





1,713,655.000 . 





21,487,685,000 







11.6 + 157,316,000 
12.0 + 931,714,000 
11.6 + 614,125,000 











*In both new and older reservoirs and reflecting upward or downward revisions of earlier estimates based on additional information. 
Source: Reserves from American Petroleum Institute and Production from Bureau of Mines. 
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Natural Gas Reserves and Consumption of the United States 

















Consumption! Consumption} 
Dorin: Year ing Year 
Reserves at (Marketed Years’ Reserves at (Marketed Years’ 
End of oe Aedieiion tsb et a so gry Supply ae of Year P a é Production: Supply 
* " A. uthori of 
YEAR | Cuble Pest) oe Cubic Feet) | “Reserve | YEAR | Cubic Feet) Se Cubic Feet) | Reserve 
1918... 15,000 E. Holley Poe et a! in report 721 20.8 1934... 62,000 Ralph E. Davis, Consulting En- 1,771 0 
1919... 15,000 September 23, 1947 746 20.1 1935. . 62,000 = ey ~~ 1,917 a3 
1920... 15,000 * ™ - 798 18.8 
1936... 62,000 2 a 2,168 28.6 






























1921... 5,000 = ~ 662 22.7 1937... 66,000 = _ ” . 
“a 763 19.7 
1,007 14.9 1938. . 70,000 Lyon F. Terry, Chase Nat'l. Bank 2,296 30.5 
i 1939. . 70,000 ws se = 2,477 28.3 
1924... 15,000 a ” 1,142 13.1 = 
1940... 85,000 E. Davis, Consulting En- 2,660 32.0 | 
1925... 23,000 Gas Facts, 1945 and 1946 1,189 19.3 oe ™ | 
1926... 23,000 - a 1,313 175 
1941..| 113,800 Petroleum Administration for War 2,813 40.5 
1927... 23,000 . a 445 15.9 1942..; 110,000 ” ~ < 3,053 36.0 


3,415 





— 1944..| 133,500 " . ‘ 3,711 36.0 
1930... 46,000 Eari P. Hindes, then Cities Service 1,943 23.7 
1931... 46,000 1,686 273 1945..| 147,789 American Gas Association 3,919 37.7 
1932... 46,000 7 - 1,556 29.6 1946..| 160,576 a 4,040 39.7 
1933... 46,000 = = 1,555 29.6 1947..| 165,927 . 























“ 4,400 37.7 




















Summary of U. S. Reserves of Natural Gas 
Liquids, Including Condensate, Natural Gas- 
oline, and Liquefied Petroleum Gases 
MILLIONS OF BARRELS 








Total proved reserves as of December 31, 1946... .3,163.2 
Extensions, and revisions of previous 

estimates, 
New reserves discovered in 1947.........- 59.3 


Total proved reserves added in 1947..........-- 
Total proved reserves as of December 31, 1946, 
and new proved reserves added in 1947...... 3,414.7 
Deduct production during 1947.........+++++++++ 160.8 
Total proved reserves of natural gas liquids as 
of December 31, 1947... ..6.cceeccceeeneees 3,253.9 











of production, the American Gas Associ- 
ation’s report last month showed. 

In terms of actual cubic feet and bar- 
rels, there were small net increases in 
these reserves, after figuring in the 
year’s production. But these were far too 
small to leave as many years’ supply of 
reserves at the end of the year as at the 
beginning. For production of both natu- 
ral gas and natural gas liquids was 
sharply higher in 1947 than in 1946, and 
without reduction in years’ supply of re- 
serves, the reserves would have had to 
be increased much more than they ac- 
tually were. 

Indicated declines in years’ supply of 
natural gas and natural gas liquids in re- 
serves are not matters for alarm. No 
early shortages of these resources are in- 
dicated, for in spite of only small in- 
creases during the year, the reserves still 
are comparatively large. Both are still 
relatively more plentiful than crude. 

Estimates of natural gas reserves by 
the American Gas Association, showed 
that the total reserves of 165,926,914,000,- 
000 cubic feet as of December 31, 1947, 
were equivalent to 29.5 years’ supply on 
the basis of the net production of 5,629,- 
811,000,000 cubic feet in 1947. (Net pro- 
duction indicates gross withdrawals less 
gas reinjected into the underground res- 
ervoirs.) While this was still a comfort- 
able ratio, it was considerably lower than 
that of a year previously. The estimated 
reserves of 160,575,901,000,000 cubic feet 
as of December 31, 1946, were equivalent 
to 32.5 years’ supply on the basis of the 
net production of 4,942,617,000,000 cubic 
feet in 1946. 

This sharp drop in years’ supply of 
natural gas reserves was primarily the 
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result of an extraordinary increase in de- 
mand and production, occurring while 
reserves were being expanded only mod- 
erately or normally. The net production 
of 1947 was 13.9 percent greater than 
that of 1946. Instead of increasing 13.9 
percent in 1947 as did production, the 
proved natural gas reserves showed a net 
increase, after production, of only 3.3 
percent. 


The present 29.5 years’ supply of natu- 
ral gas is large in comparison with crude 
oil reserves, which have ranged over 
many years from ten to 20 years’ supply 
and which have been around 12 years’ 
supply in recent years. 


Nevertheless, the current trend toward 
fewer years’ supply of natural gas in re- 
serve has some highly significant impli- 
cations. In the first place, a continuing 
improvement in the market for natural 
gas is indicated. Another obvious impli- 
cation is that natural gas reserves do 
not justify too much enthusiasm over 
currently proposed synthetic plants for 
making natural gas into liquid fuels. 


The year’s record as regards reserves 
of natural gas liquids, as estimated 
jointly by the American Gas Association 
and the API, includes condensate, nat- 
ural gasoline, and liquefied petroleum 
gases. The estimated reserves of 3,253,- 
975,000 barrels as of December 31, 1947, 
were equivalent to 20.2 years’ supply on 


$s 





the basis of the net production of 160- 
782,000 barrels in 1947. The estimated 
reserves of 3,353,887,000 barrels as of 
December 31, 1946, represented 25.9 
years’ supply on the basis of the net 
production of 129,262,000 barrels in 1946, 
The key to this sharp drop in years’ 
supply is the phenomenal increase in 
production, which was 24.4 percent 
greater in 1947 than in 1946. On this 
basis, reserves would have to be doubled 
within four years in addition to supply- 
ing current needs in order to prevent 
decline in reserves in terms of years’ 
supply. 

Proved reserves, AGA explained, may 
be in either the drilled or undrilled por- 
tion of a given field. Where the undrilled 
areas are considered proved, they are so 
related to the developed acreage and to 
the known field geology and structure 
that their productive ability is consid- 
ered assured. Recoverable reserves of 
natural gas are defined by AGA as the 
reserves estimated to be producible un- 
der present operating practices. Since the 
estimates are made by fields, the recov- 
ery factors or abandonment pressures 
used in the calculations were determined 
by the operating conditions of each in- 
dividual field. Proved recoverable re- 
serves of natural gas liquids are those 
contained in recoverable gas _ reserves 
and extractable by methods now used in 
the respective fields. 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from Americar 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels—add 000) 
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Crude Oil Gasoline Gasoil and Distillate Residual Fuel 
Trends in Production} Runs to Stocks | Production} Stocks | Production| Stocks | Production) Stocks 
Week Ended Daily {Stills Daily) Week End| Weekly | Week End} Weekly | Week End| Weekly | Week End 
1947: 
January 25. 4,672 4,820 221,655 14,624 99,801 5,630 50,257 8,224 48,558 
February 22. . 4,786 4,860 224,580 14,668 103,904 5,929 40,739 9,532 44,919 
March 29..... 4,865 4,843 225,720 14,396 107,576 5,969 32,737 8,668 43,364 
April 26 4,930 4,725 234,051 14,213 103,860 5,435 32,286 8,186 42,668 
ay 31 5,024 5,000 239,370 14,709 95,867 5,732 36,032 8,910 45,224 
June 28 5,109 5,093 236,221 16,070 91,806 5,606 41,721 8,298 48,490 
July 26 ft 5,084 5,162 231,357 16,142 85,812 5,708 47,097 8,738 52,497 
August 30.... 5,157 5,209 228,281 16,753 84,105 5,919 54,808 8,962 55,242 
September 27.. 5,196 5,290 4, 16,501 82,472 6,136 60,406 8,580 56,777 
October 25... 5,295 5,165 224,308 16,529 82,003 6,638 62,609 8,666 57,419 
November 29. . 5,257 5,309 | 224,540 16,667 86,319 6,382 61,988 8,405 56,747 
owe 27 5,285 5,543 222,770 17,013 91,269 7,041 50,324 9,698 51,896 
January 31 5,318 5,434 | 221,663 15,986 | 102,973 7,690 40,580 9,141 50,839 
February 28. 5,387 5,463 220,507 15,796 111,040 7,963 33,836 8,824 49,206 
March 27..... 5,377 5,324 | *220,971 15,783 112,991 7,682 30,717 8,854 48,334 
* March 20. 
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THE MONTH IN THE INDUSTRY 


Supply of Oil for U. $. Consumption 
To Be Studied by AP! Subcommittees 


The petroleum industry has launched 
a world-wide investigation into the avail- 
ability of petroleum products for con- 
sumption in the United States for both 
immediate and future needs, President 
William R. Boyd, Jr., of the American 
Petroleum Institute announced last 
month. 

The sub-committees of the Institute’s 
National Oil Policy Committee will 
make the studies, one headed by Howard 
W. Page, Standard Oil Company (New 
Jersey), New York, relating to next 
winter's supply and the second group 
headed by L. F. McCollum, Continental 
Oil Company, Ponca City, Okla. to 
study supply on a 10 to 15-year range. 

In addition to these API committees, 
appointed by the chairman of the Na- 
tional Oil Policy Committee, A. Jacob- 
sen, Amerada Petroleum Corporation, 
New York, Boyd said he had invited 
presidents of six other oil trade asso- 
ciations to designate personnel to par- 
ticipate in the discussions and collabo- 
rate in the report of Page’s committee 
and to participate in the discussions and 
report of McCollum’s group. : 

“The alarmed prediction that ‘we are 
running out of oil’ with which this idus- 
try has been confronted since 1860 again 
is abroad in the land,” Boyd said. 

“There is no question that the nation’s 
position in regard to the availability of 
liquid fuels deserves close attention. 
These committees, composed of the best- 
informed men in the business, will at- 


tempt to evaluate, based upon all data 
at their command, the exact position of 
the United States in this regard.” 

The Page committee report is in the 
hands of the API national oil policy 
committee and will be presented to 
API’s executive committee April 15. 

Membership of McCollum’s “long range”’ 
subcommittee: 

R. G. Dunlop, Sun Oil Company, Philadel- 
phia; R. G. Follis, Standard Oil Company of 
California, San Francisco; Jake L. Hamon, 
Cox & Hamon, Dallas; B. A. Hardey, Shreve- 
port, La.; John M. Lovejoy, Seaboard Oil 
Company of Delaware, New York? A. C. 
Mattei, Honolulu Oil Corporation, San Fran- 
cisco; N. C. McGowen, United Gas Pipe Line 
Company, Shreveport; R. Ogarrio, The Texas 
Company, New York; A. W. Peake, Standard 
Oil Company (Indiana), Chicago; John R. 
Suman, Standard Oil Company (New Jersey), 
New York; S. A. Swensrud, Gulf Oil Corpora- 
tion, Pittsburgh; L. S. Wescoat, The Pure Oil 
Company, Chicago; H. C. Wiess, Humble Oil 
& Refining Company, Houston and Ralph T. 
Zook, The Sloan & Zook Company, Bradford, 
Pennsylvania. 

Membership of Page’s subcommittee includes: 

John W. Boatwright, Standard Oil Com- 
pany (Indiana), Chicago; Austin Cadle, Stand- 
ard Oil Company of California, San Francisco; 
J. E. Dyer, Sinclair Refining Corporation, New 
York; R. J. Gonzalez, Humble Oil & Refining 
Company, Houston; Edward T. Knight, The 
Atlantic Refining Company, Philadelphia; Al- 
bert J. McIntosh, Socony-Vacuum Oil Com- 
pany, New York; Robert N. Sears, Wasatch 
Oil Company, Salt Lake City and Fred Van 
Covern, API, New York. 

Presidents of trade association invited to 
participate in these oil policy discussions are, 
J. B. Fisher, Bradford Pa., National Petroleum 
Association; Merle Becker, St. Louis, Inde- 
pendent Petroleum Association of America; 
F. M. Porter, Oklahoma City, Mid-Continent 
Oil & Gas Association; Hugh A. Stewart, 
Denver, Rocky Mountain Oil & Gas Associa- 
tion; Ralph B. Lloyd, Los Angeles, Western 
Oil & Gas Association; and H. T. Ashton, St. 
Louis, Western Petroleum Refiners Association. 








Sees Middle East Oil as 
Essential for the U. S. 


By 1951-52 the Western Hemisphere’s 
oil surplus will disappear and by 1955 
it will be needing to receive half a mil- 
lion barrels daily from the Eastern Hem- 
isphere, mostly the Middle East, S. A. 
Swensrud, executive vice president of 
Gulf Oil Corporation said in a speech 
last month. He estimated that the United 
States will most likely be receiving by 
1951 “more than half a million of bar- 
trels daily net imports and by 1955 will 
probably need upwards of a million bar- 
rels daily.” About half or perhaps less 
will come from South America and the 
rest “will have to come from the Middle 
East,” he said. 

Because of staggering costs, Swens- 
rud foresaw little probability that syn- 
thetic plants, producing oil from gas, 
coal or shale, could make any substan- 
tial contribution to this million barrels 
aday shortage by 1955. 

_ Processes for the manufacture of gaso- 
line from natural gas are now being de- 
veloped, but there is yet no evidence that 
gasoline can be manufactured from coal 
or shale on a commercial basis, he said. 

he plants alone to produce a million 
barrels daily of synthetic liquid fuels 
from coal probably would cost upwards 
of $8 or $10 billion or even more. 

On the other hand, Middle East crude 
tan be produced and brought to this 


, 


country “at an economical cost.” Pipe 
lines and tankers, and the conventional 
refining capacity required to bring to 
this country and to process a million 
barrels daily of Middle East oil would 
involve a capital outlay in the neighbor- 
hood of $2% billion, and no new tech- 
nical problems would be involved, he 
pointed out. 

Another major problem of the oil in- 
dustry, Swensrud said, is that profits 
are not high enough to take care of huge 
capital expenditures necessary to supply 
increasing demands for petroleum prod- 
ucts. 

The difficulties of maintaining maxi- 
mum production and the extremely high 
cost of catalytic cracking units make un- 
likely any important increase in the oc- 
tane rating of fuels in the near future, 
but a saving in gasoline will be made 
possible eventually by the trend to 
higher compression and other engine de- 
velopments, he concluded. 


CFR Knock Rating Engine 
Operators Form New Group 


Meetings every three months will be 
held -by the newly organized Ark-La- 
Tex Section of the Texas Regional 
Group of CFR Knock Rating Engine 
operators which was. organized in 
Shreveport late in February. Engine op- 
erators from Arkansas, North Louisiana, 
East Texas and Mississippi are included. 
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A monthly exchange of samples was in- 
stituted, 

R. F. Galloway, Magnolia Petroleum 
Company, and Texas Regional CFR- 
EON group leader, assisted in the 
group’s organization. A. C. Johnson, 
Talco Asphalt and Refining Company, 
Mt. Pleasant, Texas, was elected chair- 
man, 

The next meeting will be in Mt. Pleas- 
ant on May 21. 


ACS Petroleum Division 
To Meet Soon in Chicago 


Oil chemists will convene in Chicago 
the week of April 19'for sessions spon- 
sored by the Petroleum Division of the 
American Chemical Society at the So- 
ciety’s 113th national meeting, Dr. Gus- 
tav Egloff of Chicago is chairman of the 
division. 

Eight papers will be presented at a 
session on “Modern Motor Fuels” on 
April 19, these to include “The Evalua- 
tion of Additives and Blends for Im- 
proving the Cold-Starting Characteris- 
tics of Diesel Fuels” by F. M. Nelson 
and Martin Smolak of Socony-Vacuum 
Laboratories, Paulsboro, N. J., and 
“Chemistry of Gum _ Formation in 
Cracked Gasoline” by E. L. Walters of 
Shell Development Company, Emery- 
ville, Calif. 

A high polymer forum will be held 
concurrently in the Palmer House at 
which developments in plastics, synthetic 
fibers, rubber and similar materials will 
be reported. 

One section will participate in an all- 
day symposium on “Gel Formation, De- 
tergency, Emulsification, and Film For- 
mation in Nonaqueous Colloidal Sys- 
tems.” 

“The Composition of Shale-Oil Naph- 
tha From Colorado Shale,” by John S. 
Ball, G. U. Dinneen, J. R. Smith, C. W. 
Bailey and Robin Van Meter of the 
United States Bureau of Mines Petro- 
leum and Oil-Shale Experiment Station, 
Laramie, Wyo., will be one of 14 papers 
read at the general meetings April 21 
and 22. “The Origin of Petroleums and 
Natural Gas in the Light of Recent Re- 
search” will be discussed by Benjamin 
T. Brooks, New York consulting chem- 
ist. 


Corrosion Chief Topic of 
Refining Session Program 


Corrosion is the subject of top im- 
portance on the program of the annual 
mid-year meeting of the Division of Re- 
fining of the American Petroleum In- 
stitute at the Benjamin Franklin Hotel, 
Philadelphia, May 10-13. 

The program includes an evening ses- 
sion on Tuesday, May 11, on corrosion 
problems and another the following 
morning. 

Dr. Robert E. Wilson, Chairman of 
the Board of the Standard Oil Company 
(Indiana) and vice president for refining 
of the Institute, will preside at an open 
dinner session Wednesday, May 12. 

The entire program has been designed 
to be of benefit to all refinery personnel 
in supervisory positions rather than to 
technical men only, it was explained. 

“Executives of the nation’s refineries 
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are asked to release a representative 
number of their men to attend this 
meeting,” Dr. Wilson said. “The more 
refiners who hear the program and take 
part in the discussions, the more under- 
standing we will reach on refinery oper- 
ating problems.” 

Other subjects on the program are a 
discussion of training in refining, a part 
of the Institute’s national program of 
fostéring education for men in the oil 
industry; problems of the production of 
— gas, and of high octane motor 
uel. 


Warren Petroleum Names 
Don M. Mattocks Secretary 


Don M. Mattocks has been elected 
secretary of Warren 
Petroleum Corpora- 
tion and its subsidi- 


aries, succeeding 
John T. Oxley, re- 
signed. 


In his new capac- 
ity, Mattocks will 
head a department 
which will correlate 
many of the activities 
resulting from the 
expanded scope of 
company operations. 
Since the acquisition 
by Warren of the 

anlon properties in 
1946, he has been first assistant to James 
E. Allison, vice-president and general 
counsel, 

Mattocks’ association with Warren 
dates back to 1940 when he joined the 
organization as an attorney. He was 
previously employed in the legal depart- 
ment of the former Prairie Oil & Gas 
Company, and when this latter com- 
pany was merged with the Sinclair in- 
terests, he was transferred to the legal 
department of Sinclair Prairie Oil Com- 
pany. 





Mattocks 


Public Relations Program 
Discussed by Oil Group 


The national Oil Industry Information 
Committee in session at Los Angeles 
late last month reviewed long and short 
range objectives of the industry’s public 
relations program. Discussions placed 
emphasis on the differences in public 
opinion between those sections which 
have recently experienced shortage prob- 
lems in fuel oil and public opinion in the 
South, Southwest and West Coast areas. 

The committee agreed on a program 
of advertising and published material 
for distribution through district com- 
mittees and company channels designed 
to meet the needs of all areas. 

A new public opinion survey taken in 
February, 1948, by the Opinion Research 
Corporation revealed that substantial 
progress had been made in establishing 
a favorable climate of public understand- 
ing in those areas where industry efforts 
had been pointed at specific problems 
arising from the fuel oil situation. 

The program for the immediate future 
will be “tailored to reach the general 
public throughout the nation. 
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Meetings 

April 

13-15—Southwestern Gas Measurement 
Short Course, University of Okla- 
homa, Norman. 

14-16—API, Southwestern Spring Meet, 
San Antonio, Plaza Hotel. 

15—National Petroleum Council, 

Washington, D. C. 

19-20—Industrial Accident Prevention 
Associations, Annual Convention. 
Toronto, Royal York Hotel. 

19-21—-American Society of Lubrication 
Engineers, annual convention, 
Buffalo, Statler Hotel. 

19-23—-ACS, Division of 
Chemistry, Chicago. 

21-23—National Petroleum Association, 
Cleveland, Hotel Cleveland. 

26-27—Independent Petroleum Associa- 
tion of America, Wichita, Kans. 

27-29—API Lubrication Committee, Tul- 
sa, Mayo Hotel. 

28-30—Liquefied Petroleum Gas Associ- 
ation, annual convention, Kansas 
City, Mo. 


Petroleum 


May 

4- 5—American Gas Association, Natu- 
ral Gas Department, Houston, 
Rice Hotel. 

4-"6—American Oil Chemists Society, 
New Orleans, La. 

6- 7—API Pacific Coast Spring Meet, 
Los Angeles, Biltmore Hotel. 

7—American Institute of Chemists 
annual meeting, New York, Wal- 
dorf-Astoria Hotel. - 
9-12—AIChE Regional Meet, Cleveland, 
Hollenden Hotel. 
10-13—API Division of Refining Mid- 
Year Meet, Philadelphia, Benja- 
min Franklin Hotel. 
10-13—National Fire Protection Associa- 
tion, Washington, D. C., Statler 
Hotel. 
15-22—International Petroleum Exposi- 
tion, Tulsa. 
24-26—American Gas Association, joint 
production and chemical confer- 
ence, Asbury Park, N. J., Berke- 
ley-Carteret Hotel. 
24-28—API Agricultural Development 
Committee spring meet, Madison, 
Wis., Lorraine Hotel. 
27-28—Natural Gas & Petroleum Assn. 
of Canada, Niagara Falls, Onta- 
rio, General Brock Hotel. 
30—to June 4—ASME semi-annual 
Meeting, Milwaukee, Wis. 
31—Gas Technology Short Course, 
Texas A. & I. College, Kingsville. 
31—tto June 6—Liquefied Petroleum 
Gas Assn. annual convention and 
trade show, Sacramento, Calif. 
June 

1- 3—Petroleum Industry Electrical 
Assn., Dallas. 

1- 6—LPG Association, Inc., annual 
convention and trade show, Sac- 
ramento, Calif. 

2- 4—Annual Short Course in Gas Tech- 
nology, Texas A. & I, College, 
Kingsville. 

2- 5—Short Course in LP-gas appli- 
ances, University of Tulsa. 

6- 8—Petroleum Equipment Suppliers 
Association, Colorado Springs, 
Broadmoor Hotel. 

7-11—Pittsburgh International Confer- 
ence on Surface Reactions, Mel- 
lon Institute, Pittsburgh. 

20-23—American Society of Agricultural 
Engineers, Portland, Ore., Mult- 
nomah Hotei. 

21-25—American Society for Testing 
Materials, annual meeting, De- 
troit, Book-Cadillac Hotel. 

30—to July 2—API, Eastern Spring 

Meet, White Sulphur Springs, 
Va., Greenbrier Hotel. 

September 

13-17—Third Instrument Conference and 


Exhibit, Philadelphia, Conven- . 


tion Hall. 

15-17—National Petroleum Assn. meet- 
ing, Atlantic City, Hotel Tray- 
more. 

October 

4- 9—American Gas Association con- 
vention, Atlantic City, Ambassa- 
dor and other hotels. 

11-13—National Lubricating Grease In- 
stitute, annual convention, Chi- 
cago, Edgewater Beach Hotel. 

November 

8-l1l—American Petroleum Institute 
annual meeting, Chicago, Stev- 
ens Hotel. 

29—to Dec, 4—18th National Exposi- 

tion of Power and Mechanical 
Engineering, New York, Grand 
Central Palace. 








Pyrene Recalls.500,000 


Suspected Extinguishers 

Some 500,000 hand fire extinguishers 
have been recalled to the factory by 
Pyrene Manufacturing Company. The 
company said an “elusive and persistent 
corrosive” has apparently damaged the 
working mechanism of many extinguish. 
ers and, in time, would probably affec 
the others listed by Pyrene. 

Most of the affected extinguishers are 
owned by industrial and commercial 
groups, George Boucher, vice president 
of Pyrene, said. 

According to Boucher, the chemical 
company supplying the extinguishing 
fluid to Pyrene has already corrected the 
defect. He said a national advertising 
campaign will recall by serial number 
all of the suspected extinguishers. 

Only those hand-pump types manv- 
factured or refilled in the past year and 
a half are affected, Boucher said. All 
are 1 or 1%4-quart size. 


NGAA Sponsors Natural 


Gasoline Textbook Series 


The first section of “Natural Gaso- 
line and the Volatile Hydrocarbons,” a 
new publication, is off the press, ac- 
cording to its sponsor, the Natural 
Gasoline Association of America, 422 
Kennedy Bldg., Tulsa, Oklahoma. The 
first sections sells for $4 per copy. 

Authors of the textbooks, which will 
be published in five sections, are G. G. 
Brown, chairman, department of chemi- 
cal and metallurgical engineering and 
Donald L. Katz, professor of chemical 
engineering, University of Michigan; 
George G. Oberfell, vice president, and 
Richard C. Alden, director of research, 
Phillips Petroleum Company. Three of 
the authors of the book have been pre- 
sented with the Hanlon Award by the 
NGAA in past years. 

NGAA the new 


According to the 
series will constitute a _ revision of 
Oberfell and Alden’s book “Natural 
Gasoline,” for many years the tech- 
nical “bible” of the industry. 

Printed on pages 8% by 11 inches, 
Section 1 has a total of 73 charts and 
graphs, 36 of which occupy whole pages. 
Such large scale presentation permits 
inclusion of data necessarily omitted in 
smaller reproduction and makes them 
ready for immediate use. Chapter head- 
ings are: “Behavior of Petroleum Hydro- 
carbons,” “Fluid Densities,” “Vapor 
Pressure,” and “Critical Properties.” 

The remaining four sections are in 
preparation and may be available at ap- 
proximately eight-month intervals. Sec- 
tion 2’s chapters cover vapor liquid 
equilibria, water-hydrocarbon phase re- 
lations, thermal properties, and viscosity 
and surface tension. 

Chapters in Sectiom 3 are on frac- 
tionation of hydrocarbons and absorp- 
tion, adsorption, and distillation. Section 
4 is devoted to fluid flow and metering 
and reservoir behavior and_ reserves 
(crude, natural gas and condensate). 
Chapters XIII and XIV of Section 2 
present natural gasoline and condensate 
operations and utilization of volatile 
hydrocarbons. 

Section 1 gathers in convenient, usable 
form much of the essential data re 
quired for design engineers’ calculations, 
and the bibliography supplies references 
to other authoritative source data. The 
plant chemist and engineer will find the 
work invaluable in checking operations. 

Although the book was written pr 
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marily for the technologist, students 
and others not familiar with involved 
giculations of petroleum processing will 
fad helpful the many illustrations of 
jata use, solutions of hypothetical prob- 
ims, and the detailed methods pre- 
ented for applying the fundamental 
information in specific calculations. 
These last named features are expected 
to give this publication a wide appeal 
io industry personnel interested in the 
havior and processing of hydrocar- 


bons. 


Oil Industry Needs for 
Steel Estimated by NPC 


A report estimating direct and indi- 
rect steel requirements of the oil indus- 
try for an 18-month period starting April 
} at 15,571,500 tons, was compiled last 
month by the National Petroleum Coun- 
cl. 

It now appears that several weeks 
will elapse before the Commerce Depart- 
ment proposes to the steel industry that 
it arrange to allocate any part of this 
total to either oil industry or its support- 
ing industries, if, indeed, any considera- 
tion is ever given to the latter. 

The Interior Department at the close 
f March had yet to screen estimates 
and relay the information to the Com- 
merce Department, but officials of the 
latter agency indicated industry will have 
to supply specific evidence to support 
certain stated requirements or leave the 
Commerce Department to decide arbi- 
trarily whether these are critical or not. 

In particular, criticism was directed 
at NPC because estimates were submit- 
ted in broad groupings by industry 
branches rather than in terms of actual 
projects. 

The total requirements submitted for 
the refining branch of the industry was 
1,363,800 tons for the 18-month period, 
or 909,100 tons per year. 


Spot Gasoline Shortages 
foreseen During Summer 


General agreement on the fear of spot 

shortages resulting from heavy demands 
in the available supply of gasoline in 
certain farm districts this summer, and 
a desire for joint cooperation between 
lam and oil industries was expressed 
in Kansas City last month when leaders 
in those two fields conferred. The meet- 
ing was sponsored by the Oil Industry 
Information Committee. 
It was agreed that the job of the 
lamer is to keep mechanized equipment 
m good repair and to keep his supplier 
advised in advance of his needs. Coinci- 
dently, the oil men were requested to 
continue their efforts in delivering the 
gasoline to the farmer as needed. Lead- 
ffs urged closest cooperation among oil 
men and farmers. 


(NGA Sets Meeting Dates 


The California Natural Gasoline Asso- 
tiation will hold its annual June Frolic 
at the Hondo Golf Club, Downey, Calif., 
1 June 5, An all day sports program, 
dinner and evening show is planned. 
CNGA annual fall meeting will be 
held Friday, October 8, at the Ambassa- 
dor Hotel, Los Angeles. 


Nein ____ Synthetic Liquid Fuels Program 


Draws Industry Leaders’ Comments 


President Truman has signed the case 
bill (H.R. 2161) into law, so that the 
Bureau of Mines can continue its synthe- 
tic liquid fuels research for three years 
and authorizes $30 millions in funds. 

Secretary of the Interior, J. A. Krug, 
has submitted a redraft of the Wolver- 
ton Bill (H.R. 5475) for synthetic liquid 
fuels plants, that he says makes clear 
the government’s “intent to promote” 
the synthetics industry “by industry, 
rather than by government,” The pre- 
amble of his bill states that the com- 
mercial production of synthetic liquid 
fuels should be fostered by private in- 
dustry “as far as practicable,” but sets 
out that government should take such 





New Oxygen Plant 














The successful development of a new process 
for the manufacture of relatively pure gaseous 
oxygen in tonnage quantities has been an- 
nounced by the Elliott Company of Jeannette, 
Pa. A pilot plant, which has been operating for 
more than two months, “has proven that the 
Elliott process can operate indefinitely without 
the necessity of periodic defrosting shutdowns, 
thus overcoming one of the big disadvantages 
of similar plants which are unable to stay on 
stream continuously,” the company has an- 
nounced. 

In the process of making oxygen, precondi- 
tioned air is cooled to below —300° F., and dis- 
tilled in a special distillation colmn into its 
components, oxygen and nitrogen. The oxygen 
is then piped to the process where it will be 
used. The nitrogen from the Elliott process “is 
so pure that it can also be used as a chemical 
raw material or for bright annealing in steel 
mills.” 

Commercial oxygen plants are envisioned 
which will produce more than 25,000 mcf 
(1000 tons of oxygen per day. Oxygen on a 
tonnage basis is a new tool in the steel industry. 
The Elliott plant “is an American process, de- 
signed according to American engineering prin- 
ciples and not based on European practices,” 
the company stated. “It overcomes disadvan- 
tages of the Linde-Frankl type process which 
was developed in Germany and modifications 
of which are proposed in the United States.” 
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steps as are necessary to “lead the way 
for industry.” 

Krug recommended that RFC be 
authorized to offer inducements, neces- 
sary and proper, by way of long term 
financing, low interest rates, low plant 
rental, transfer of plant ownership, and 
subsidies to procure private construc- 
tion, ownership, and operation of the 
three plants. 


“If RFC Isn’t Satisfied—” 

Also, the Interior would have 
authority to name processes, locations, 
and raw materials. It would draw up 
long range programs and have $1 mil- 
lion a year for two years for its work 
in carrying out the bill. No change was 
suggested concerning the $400 million 
provided in the Wolverton bill. 

But one of the additions in Krug’s 
Bill says that if RFC is not satisfied 
that private industry will build and 
operate the three plants proposed, then 


RFC shall have power to “construct, 
own, and operate all or any of the 
plants, itself.” 

Representative Case has introduced 


legislation to encourage private invest- 
ments in synthetic liquid fuel plants by 
authorizing tax amortization of such 
investments over a five-year period and 
permitting 27.5 percent depletion allow- 
ance on coal and oil shale used. 

This bill is a companion measure to 
the amendments to the Wolverton bill, 
that were made by Senator O’Mahoney, 
who told the Senate the bill was open- 
ing “road to government ownership 
and operation of a great industry” if 
private capital is not encouraged to in- 
vest in synthetics plants. O’Mahoney’s 
amendments would have allowed tax 
amortization of private investments in 
synthetic plants over period of five years 
instead of present 20-year term and 
would have permitted 27.5 percent de- 
pletion allowance—same as oil—for coal 
and oil shale used in such plants. 

Congress has been asked by President 
Truman to appropriate $1,500,000 to 
permit a survey by army engineers to 
determine sites where commercial syn- 
thetic liquid fuels plants can be located. 
According to the Interior Department, 
the survey will seek areas where suffi- 
cient coal and water supplies are avail- 
able. Army engineers are doing library 
work, but won’t go into the field until 
the funds are appropriated. 

E. V. Murphree, president of Standard 
Oil Development Company, proposes 
virtual elimination of coal hydrogena- 
tion from the government’s plans for a 
synthetic fuels industry. 

In testimony before the House Com- 
merce committee, he favored a plant for 
producing oil from shale, but the de- 
sirability of two plants for producing 
oil products from coal, using different 
processes, he said, is open to consider- 
able question. If it can be indicated 
from engineering studies that one pro- 
cess for producing oil products from 
coal is superior to the other, based on 
present developments, then it is hard 
to see where anything is gained by 
erecting a large commercial plant for 
the less favorable process, he pointed 
out. Also, Murphree added it appears, 
on information available, that the coal 
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lant should involve a modified Fischer- 
Toonirh operation rather than dehydro- 
genation. 

P. C. Keith, president of Hydrocar- 
bon Research, Inc., told the House 
Commerce committee that $1 billion 
should be appropriated for construction 
of three commercial synthetic liquid 
fuels plants instead of the $400 million 
now proposed by government. Keith 
said he favored the Wolverton bill with 
minor modifications. 

In addition to suggesting increased 
appropriation, Keith thought the bill 
should define only the types of raw 
materials to be used rather than the 
processes to be employed to convert 
them to fuels. 


Keith Offers Views 


Also, Keith suggested that the size 
of the commercial plants be 5000 bar- 
relg instead of 10,000 barrels because 
the economic size of any plant is some- 
what subject to geographical conditions. 
Too, he said, the bill should provide 
for the manufacture of gas from coal 
to be used as such, because this would 
reduce demand for heating oil and in- 
crease its availability for other fuels. 

Eugene Ayres, staff chemist of Gulf 
Research and Development Company, 
said he was opposed to passage of the 
bill because it would make the petro- 
leum supply worse instead of better 
during the few years immediately ahead 
and, too, it could have adverse effect 
on successful long-term development of 
synthetic fuel projects. 


The 300,000 tons of steel for the 
three plants, he said, could provide for 
nearly twice as much additional liquid 
fuel if used to expand domestic petro- 
leum production or to increase domestic 
refining facilities. 

A. C. Rubel, vice president of Union 
Oil Company of California, before the 
House Commerce committee described 
the 120-day death clause in the Wolver- 
ton bill as entirely too short. That 


clause, he said would cause the RFC to 
proceed immediately to construct one 
plant of each type, if at the end of 120 
days after passage of act private interest 
had not already contracted to under- 
take their construction. Rubel suggested 
that a year should be allowed to permit 
industry time to carry out preliminary 
design and engineering work. 

Dr. Robert E. Wilson, board chair- 
man, Standard Oil Company (Indiana) 
wired Secretary Krug urging that a 
careful study by an industry technical 
group be made before authorizing a 
$400 million expenditure by the gov- 
ernment on three commercial-size 
plants. 

The benefit of industry technology 
and considered opinion could not be 
obtained in a few days he said and “it 
would take more than a year just to de- 
sign the proposed plants.” 

“Even without a study,” he said, “I 
am sure that the proposed building of a 
hydrogenation plant would be a com- 
plete waste of money as both steel re- 
quirements and operating costs will be 
much higher than for Fischer-Tropsch 
type of operation.” 

Wilson believed large scale develop- 
ment of coal gasification should be un- 
dertaken soon, but conversion of that 
gas into liquids should wait for ex- 
perience on large scale synthesis from 
natural gas, which information will cost 
the government nothing. 

“If Interior Department really wants 
industry cooperation,” he wired, “in con- 
struction and operation of these plants, 
the bill should make some provisions 
for a plant to be built and operated by 
a group of companies, and the bill 
should make some provision to cover 
losses during operation. Such operating 
subsidies must be considered in analy- 
zing the projects whether they are built 
by government or industry.” 


FPC Engineer’s Opinion 


William H. Lyon, Federal Power 
Commission engineer told the House 
Armed Services Oil committee that con- 
version of natural gas to liquid fuels is 
not likely to become a factor of major 
proportions in meeting the nation’s large 


and expanding liquid fuel requirements 

According to Lyon, one trillion cubic 
feet of gas, or roughly 25 percent oj 
total estimated consumption last year 
would be necessary to produce 300,0% 
barrels per day of liquid fuels and this 
amount of liquids would be only aboy 
5 percent of a 6 million barrels per day 
demand for oil which he predicted 
would be reached shortly. 

He said that large-scale synthetic 
liquid fuel industry must be founded up- 
on coal and oil shale. 


Koppers Gets Contract for 
New Synthetic Fuels Plant 


Koppers Company, Inc., of Pittsburgh, 
on a bid of $4,413,250, has been awarded 
contract for the design and construction 
of a gas synthesis (Fischer-Tropsch 
process) demonstration plant near Lowi- 
siana, Mo., to produce oil from coal, 

This is the third and last of the dem. 
onstration or semi-commercial scale 
plants planned under the synthetic liquid 
fuels research and development program 
of the Bureau of Mines. 

Construction will begin within three 
months, with the plant to be completed 
within 15 months thereafter. It will have 
a capacity of 80 barrels of oil and gaso- 
line daily and will include a coal gasifi- 
cation unit. The gas synthesis plant will 
be erected adjacent to the Bureau’s hy- 
drogenation (Bergius process) demon- 
stration plant under construction near 
Louisiana, Mo., on the site of the Mis- 
souri Ordnance Works, a wartime syn- 
thetic ammonia plant. The 200-barrel 
(daily) hydrogenation plant is expected 
to be completed next summer. 

Although using different processes, 
both of these plants will employ coal as 
the raw material for liquid fuels. An oil- 
shale demonstration plant already is in 
operation near Rifle, Colo. 

The new gas synthesis plant will use 
many existing facilities and services of 
the ordnance works which was made 
available to the Bureau of Mines, Secre- 
tary J. A. Krug stated. 

Closely synchronized with synthetic 
fuels research and development labora- 





California 





Research Opens New Research Laboratories 





general laboratories; Research Laboratory “C” (one-story building te 
rear of RL “A”), for industrial lubricant research; Engine Laboratory 
“A,” for testing engine lubricating oils; Process Laboratory “A,” which 
includes cold room and facilities fer process research studies using pilot 
plants; Process Laboratory “B” (seven-story structure in rear of PL “B ) 
for tall pilot plant operations. Low buildings at extreme right ore 
auxiliary process laboratory units. 
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California Research Corporation, a subsidiary of Standard Oil Com- 
pany of California, last month completed and formally opened its 
Richmond laboratories, a $2 million postwar expansion and moderniza- 
tion program. Shown above, with the Richmond refinery in the background, 
the laboratory layout, left to right, is as follows: 

Research Laboratory “A,” which houses administrative offices and 
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tories at Bruceton, Pa., and Morgan- 
town, W. Va., the coal to oil demon- 
stration plants at Louisiana, Mo., will 
serve as a proving ground for promis- 
ing processes developed by Bureau sci- 
entists in laboratory and pilot plant, it 
was explained. As a pattern of scientific, 
engineering, and economic knowledge 
is evolved, it will be made available to 
private industry for projection into 
slants of commercial size (10,000 bar- 
rels or more daily capacity). 

The plant site—less than 100 miles 
above St. Louis on the Mississippi River 
—is centrally located with respect to the 
major coal fields of the United States. 
Coals and lignite from these fields will 
be tested in the demonstration plants 
for their processing characteristics and 
liquid fuel yields. 

Of German origin, the gas synthesis or 
indirect Fischer-Tropsch process to be 
employed in the new demonstration 
plant involves first gasifying the coal 
and then converting the resulting syn- 
thesis gas—a mixture of carbon monox- 
ide and hydrogen—to liquid fuels. With 
American modifications, this process is 
well adapted to the production of either 
a good grade of motor gasoline or an 
excellent Diesel fuel. By-products in- 
clude wax, alcohols, and hydrocarbon 
gases. Through cracking, the wax can 
be converted to Diesel fuel and lubri- 
cants, Or it may be used directly in pol- 
ishes, insulating materials, and chem- 
icals. The alcohols also are useful in the 
chemical industries. 

Incorporating the advances made in 
the Bureau’s broad program of research 
on the Fischer-Tropsch process, the 
demonstration plant will consist of four 
distinct parts: 1) coal gasification; 2) gas 
purification; 3) hydrocarbon synthesis; 
and 4) refining of products. 


























































Solliday Challenges Cost 
Figure for Synthetic Fuel 


Speaking before the Mid-Continent di- 

vision of the American Petroleum Insti- 
tute recently, A. L. Solliday, executive 
vice-president of Stanolind Oil and Gas 
Company, challenged statements by the 
Interior Department that a 2-billion bar- 
tels daily synthetic gasoline industry 
could be built for $9 billion and said he 
believes such a program would cost $20 
to $30 billion instead. 

Although he criticized the govern- 
ment’s spending of tax money to build 
commercial - scale synthetic gasoline 
plants he said that the research program 
on mining oil shale, producing and re- 
fining oil from shale, and coal gasifica- 
tion is valuable and should be continued. 

Solliday said that many people are 
overestimating the number of synthesis 
plants that can be built using natural gas 
as the raw material and indicated that 
Probably not more than 20 plants mak- 
img not more than 150,000 barrels of 
fasoline daily will be built. 

German Fischer-Tropsch technique 
Plays little or no part in the process 
which will be used in Stanolind’s Garden 
City, Kan., plant, Solliday declared. 
Rather the process was developed by the 
American petroleum industry with Stan- 
olind’s laboratories making significant 
contributions. 

Regardless of the future prospects in 
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Gen. Hauseman Elected 
Head of Houdry Process 


Brig. Gen. David N. Hauseman, U. S. 
Army retired, has been elected president 
of Houdry Process Corporation, Phila- 
delphia, to succeed 
Eugene J. Houdry, 
founder of the Com- 
pany. General Hause- 
man also will be 
chairman of the 
board of Catalytic 
Construction Com- 
pany, a Houdry sub- 
sidiary. 

Under a new pol- 
icy the board of di- 
rectors of Houdry 
Process Corporation 
will be made up ex- 
clusively of men 
working in the Cor- 
poration. The newly-elected directors 
are: Gen. Hauseman; Arthur V. Danner, 
executive vice president; Claude C. 
Peavy, chief engineer; John E. Ford, 
manager of commercial development; 
Gordon A. Kessler, manager of patent 
department; C. G. Kirkbride, manager 
of laboratories; T. Ellwood Webster, 
president of Catalytic Construction Com- 
pany; George H. Daft, comptroller; 
John D. M. Hamilton, secretary and 
general counsel. 

Eugene J. Houdry, pioneer in the 
field of catalytic cracking of petroleum 
products has retired from the company 
“to devote my time to certain new re- 
search problems that are engaging my 
interest. 

“As a shareholder in the corporation, 
I fully approve this progressive step in 
turning the management of the com- 
pany over to the men who are directly 
carrying on its day-to-day activities,” 
he declared. 

Gen. Hauseman has been serving as 
executive vice president of Temple Uni- 
versity, Philadelphia, and president of 
the school’s Research Institute. His 
headquarters will be in Philadelphia. 

Gen. Hauseman has a long military 
career, serving in both World War I 
and World War II. He holds the Legion 
of Merit and the Distinguished Service 
Medal. He has received both the Army 
and the Navy Commendation Awards. 
On his own application, and after 29 
years of service, Gen. Hauseman retired 
from the Army October, 1946, 





Hauseman 








sofar as synthesis techniques are con- 
cerned, Solliday stressed that crude oil 
is in general still the most economic 
source of liquid fuels and that a healthy 
crude oil industry will ultimately save 
billions of dollars in synthetic plant in- 
vestment and operating costs. 


GE Builds Gas Turbine 
Power Rail Locomotives 


General Electric Company, Schenec- 
tady, New York, has announced a new 
power unit for rail locomotives—the oil- 
fired gas turbine, which has been oper- 
ated in factory tests almost continuously 
since September, 1947. It delivers 4800 
horsepower, is 19 feet long, and total 
weight is 20,000 pounds. Absence of re- 
ciprocating parts indicates low” mainte- 
nance cost. The turbine will be installed 
on a locomotive chassis shortly. 
According to G. W. Wilson,.manager 





of General Electric’s locomotive and car 


equipment divisions, “Initial perform- 
ance of this experimental unit is prom- 
ising. However, the potentialities of a 
new prime mover can be truly evaluated 
only after exhaustive test in the factory 
and on the rails.” 


Mobile Gas Turbine 


Mobile gas turbine plants are under 
development by Allis-Chalmers Manu- 
facturing Company. The proposed units 
could operate as a sole source of power 
or could be synchronized with an exist- 
ing power system. 

Simplicity, extremely smooth opera- 
tion and no requirement for water would 
characterize the gas turbine plants, ac- 
cording to Allis-Chalmers. Operating on 
oil, the units would require only fuel 
line connections to tank cars or storage 
tanks, in addition to the electric trans- 
mission line connection. 

The mobile gas turbine plants appear 
to be a promising source of extra power 
quickly available. Where regular power 
plants are out of operation, such units 
could be located on a rail siding from 
where they could quickly deliver power 
into the existing system. Similarly, in- 
dustrial plants faced with a sudden tem- 
porary need for extra power could put 
a mobile power plant into operation. It 
could also provide emergency service 
during service shutdowns: or turbine 
failure. 


Plan for Manufacture of 
New Fuel Solution Given 


Thompson ‘Vita-Meter Corporation 
will market its fuel injection device 
through automobile jobbers, but manu- 
facture and distribution of the alcohol- 
water-tetraethyl antiknock solution will 
be through the oil industry. 

C. H. Van Hartesveldt, vice-presid:nt, 
said nothing exclusive will be made in 
arrangements for making and marketing 
the solution. Any refiner who will sign 
an agreement calling for payment of a 
sales commission to Thompson and as- 
suring manufacture of the solution ac- 
cording to specification will be eligible 
to enter the field. He said straight run 
gasoline to be used with the solution 
should be at least 60 octane. 


Would Convert Anthracite 
Silt Into Usable Gases 


A new process is being developed to 
convert reserves of waste anthracite silt 
burnable as fuel according to Frank W. 
Earnest, Jr., president of the Anthracite 
Institute who said that 200 million tons 
of this silt are immediately available for 
such conversion. Average annual anthra- 
cite coal production approximates 50 
million tons. 

Anthracite silt, about the size of gran- 
ulated sugar, hitherto unusable, has ac- 
cumulated at the mine heads for years. 
The conversion process, related to the 
German method of gasifying brown coal, 
has been under development at the In- 
stitute’s laboratories and promises to 
make feasible the conversion to gas. 

Anthracite silt can be processed into 
three gases, two of which are fuel gases. 
A pilot plant for converting the anthra- 
cite waste into gases is under construc- 
tion in Wilkes-Barre, Pa. First large- 
scale use of such gas would be to pro- 
vide fuel to power anthracite region col- 
“lieries. 

The next logical use of the gas would 
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be by petroleum processing companies 
and by chemical companies. These com- 
panies could use the gas to produce syn- 
thetic fuel products, such as gasoline, 
and synthetic chemical products, Ear- 


nest said. 













Gulf Announces Gasoline 


Plant for Crane County 

Gulf Oil Corporation will construct a 
natural gasoline plant in Crane County, 
Texas, approximately 30 miles South- 
west of Odessa, Texas, the plant to be 
, high pressure absorption type gaso- 
line extraction plant. To operate at ap- 
proximately 600 pounds pressure, it will 
have a capacity of approximately 40,000 
mcf of gas per day. 

There will be nine 1200-hp. angle-type 
gas engine-driven compressors to gather 
and compress the gas. Four 800-hp. gas 
gas engine-driven generators will fur- 
nish electric power. ; 

The plant which will utilize gas from 
the Sand Hills, Waddell-Henderson, 
University Waddell-Ellenburger and C- 
Bar Silurian Fields, will be designed to 
extract 80 percent propane, 98 percent 
butane and all of the 26-pound natural 
gasoline. 








Texaco Lawrenceville 
Plant to Be Expanded 


The Texas Company has announced 
expansion of its Lawrenceville, IIl., re- 
finery of 20,000 barrels per day to bring 
the total capacity of the plant to about 
50,000 barrels per day. 

New facilities will include a 20,000- 
barrel per day vacuum still, a fluid cata- 
lytic cracking unit, and an additional 
polymerization unit. The gas recovery 
plant will be expanded and a new high 
pressure boiler and additional tankage 
will be installed. : 


The plant refines West Texas, Illinois, 
and Midcontinent crude oils. 





Monsanto’s Rebuilt Plant 
About Ready for Operation 
Monsanto Chemical Company’s Texas 
City plant is expected to be in operation 
by June. The plant was destroyed a year 
ago following a ship explosion. 
| The company’s insurance claim of $22 
million is in negotiation. 
The first unit at Texas City, the ethyl- 
ene plant, will be running this month. 








Tighe Rejoins Chilton 


Frank P. Tighe, until recently director 
of public relations and advertising of 
oudry Process Corporation, has re- 
— to Chilton Company as editor of 
“otor Age. His affiliation with Chilton 
ates back to 1925 and at one time he 
was managing editor of Motor Age. 
ther important posts occupied by 
ighe Over a period of years include rep- 
Cpentative of Roche, Williams and 
Phila’ Inc., general manager of the 
ae telPhia Automobile Trade Associ- 
} On, and head of the business magazine 
ection of the Office of Censorship, 

ashington, D. C., during the war. 
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Cox & Hamon’s Gasoline 


Setup Is Headed by Oxley 

John T. Oxley, of Tulsa, has been 
elected president of the recently organ- 
ized Texas Natural Gasoline Corpora- 
tion, an affiliate of Edwin B. Cox & 
Jake L. Hamon of Dallas. Oxley previ- 
ously was secretary and assistant treas- 
urer of Warren Petroleum Corporation 
of Tulsa, and manager of its gas divi- 
sion. He also was secretary of Warren 
Oil Corporation and Natural Gasoline 
Corporation and secretary of Warren 
Maritime Corporation. 

Texas Natural Gasoline Corporation 
will permit Cox & Hamon to become 
more active in the gas and natural gaso- 
line phases of the petroleum industry. 

Oxley worked for Amerada Petroleum 
Corporation before joining Warren in 
1935 at the time that corporation ac- 
quired Amerada’s natural gasoline de- 
partment. 

Oxley announced appointment of L. 
A. Boyd, of Tulsa, as chief engineer and 
general superintendent of the new com- 
panies plants. Boyd 
recently resigned as 
chief engineer for 
Warren Petroleum 
Corporation after 
having been with the 
Warren organization 
since 1940. 

Boyd has been in 
the oil business since 
1920, serving the old 
Transcontinental Oil 
Company, Big Lake 
Oil Company, Signal 
Oil & Gas Company, 
and The Gas & Oil Boyd 
Products, Ltd., Calgary, Alberta, Can- 
ada, before joining Warren in 1940. He 
was in charge of engineering from 1940 
to 1948, during which time he supervised 
the construction of five gasoline plants. 
He introduced extensive use of air cool- 
ing and hydrocarbon vapor stripping at 
Warren’s Hull-Silk plant, eliminating the 
use of steam. 

Claig H. Perry, of Tulsa, has been 
named secretary and manager of the 
gas division of the Company. Perry re- 
cently resigned from Warren Petroleum 
Corporation, Tulsa. At the time of his 
resignation, he was gas engineer in 
charge of all exploration work in con- 
nection with locations of new plants. 

Perry’s entire business career of 19 
years has been spent with two corpora- 
tions—Amerada and Warren—in the 
gas-gasoline branches of the petroleum 
industry. 





Refining Capacity Survey 
Planned by Senate Group 


The Senate small business committee 
will make a new survey of refining ca- 
pacity in view of a preliminary investi- 
gation in the Midwest that showed in 
some cases as much as 40 percent of in- 
dependent capacity shut down for lack 
of crude oil. A survey made last fall 
showed 113 independent refiners had 
idle capacity averaging 31.5 percent, 
while 100 major refiners were operating 
within 6.4 percent of full capacity. 

In the latter part of March, commit- 
tee staff members made an on-the-spot 
study, primarily around Omaha, Nebr., 
on gasoline and tractor fuel outlook for 
this summer, ahd reported that even 
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some major refiners are having trouble 
in getting adequate crude oil supplies. 

The new survey will be made to deter- 
mine if same conditions extend to other 
sections of U. S. 


Indiana Standard Revises 
Employes’ Benefits Plans 


A new group hospital expense and 
surgical operation insurance plan, in- 
cluding physician’s hospital attendance 
benefits, and a revised sickness and. disa- 
bility benefits plans for employes were 
announced last month by Standard Oil 
Company (Indiana). 

Effective date for the new hospitali- 
zation expense and surgical operation 
insurance plan will depend upon the 
voluntary enrollment of at least 75 per- 
cent of the eligible employes in those 
groups where the plan is made effective. 
The revised sickness and disability bene- 
fits plan became effective April 1 for 
more than 20,000 eligible employes 
throughout 15 north central states. 


Cubbage Joins Stanolind 


Thomas L, Cubbage has joined Stano- 
lind Oil and Gas Company as operating 
superintendent in the manufacturing de- 
partment. 

Cubbage, who was formerly plant 
superintendent of the government- 
owned, Phillips Petroleum Company- 
operated Plains butadiene plant at 
Borger, Texas, will supervise the opera- 
tions of Stanolind’s gasoline and cycling 
plants and its refinery at Superior, La. 


Ole Berg to Toronto 

Ole Berg, Jr., of Los Angeles, last 
month was appointed vice president and 
assistant to the president. of British 
American Oil, Toronto, Ontario. 

Berg comes to the Canadian company 
from Union Oil Company of California, 
where he was vice president and man- 
ager of general sales. 


Pearson and Evans Given 


Honors at NACE Meet 

Dr. John M. Pearson and Dr, Ulick R. 
Evans have been named recipients of 
the 1948 awards of the National Asso- 
ciation of Corrosion Engineers. Dr. 





—— 


Evans 


Pearson 


Pearson has been honored with the 
Frank Newman Speller Award in Cor- 
rosion Engineering and Dr. Evans with 
the Willis Rodney Whitney Award in 
Corrosion Science. Presentation was 
made at the association’s annual banquet 
April 7 at the Hotel Jefferson, St. Louis. 

Dr. Evans was honored in recognition 
of his outstanding contributions to the 
fundamental knowledge on which the 
practical control of corrosion is based. 
Dr. Pearson’s award was: for his out- 
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standing service in the application of 
scientific research in the prevention of 
corrosion, particularly by cathodic pro- 
tection of underground structures. 

Dr. Evans has been associated with 
Cambridge University since 1919. Dr. 
Pearson is director of the Physical di- 
vision of the Research and Development 
department of Sun O# Company. 


Davison Is Promoted 
By California Standard 


W. W. Davison has been appointed a 
vice president of Standard Oil Company 
of California. He for- 
merly was general 
manager of Stand- 
ard’s El Segundo re- 
finery. 

After graduation 
from the University 
of California in 1921, 
Davison joined 
Standard as a junior 
engineer. The follow- 
ing year he was 
made assistant chief 
engineer and the next 
year became a de- 
signs engineer. In 
1928, he was as- 
signed to the manufacturing department, 
where he served until 1936, when he was 
made refinery superintendent at Stand- 
ard Oil Company of British Columbia's 
plant at Vancouver, B. C. 

Four years later he became 
superintendent at El Segundo 
1944 was made manager. 





Davison 


assistant 
and in 


Finney Named Head of 
Salt Lake City Refining 


C. E. Finney, Jr., has been advanced 
to the presidency of Salt Lake Refining 
Company and Salt Lake Pipe Line Com- 
pany, subsidiaries of Standard Oil Com- 
pany of California, In his new position, 
Finney will direct the construction gad 
operation of both projects. The Salt 
Lake City refinery will cost $5 million 
and is scheduled to be completed and 
in operation by November 1, 1948. 

Finney was graduated from Cornell 
University in 1912 and joined Standard 
in 1919. He was made assistant to the 
general manager of the manufacturing 
department in the home office in 1937 
and general manager in 1943. He became 
a vice president in 1946. 


Miller Succeeds Wilson 


James A. Wilson, plant manager at 
the headquarters of Monsanto Chemical 
Company's Merrimac Division at Ev- 
erett, Mass., has been appointed produc- 
tion manager for the division. 

Wilson is being succeeded as plant 
manager by Russell L. Miller, plant su- 
perintendent. 


Bussert Succeeds Fahrney 


Standard Oil Company of California 
has appointed L. M. Bussert as manager 
of operations in its marketing depart- 
ment. He succeeds P. L. Fahrney, re- 
cently elected to a vice-presidency of 
the company. 
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Military Petroleum Advisory Committee. 
Names Groups to Study Synthetic Fuels 


Bruce K. Brown, vice president of 
Standard Oil Company (Indiana), Chi- 
cago, and chairman of the Military Pe- 
troleum Advisory Committee, last month 
announced members of industry commit- 
tees who are making a survey of the sig- 
nificance of synthetic fuels in connection 
with national security for MPAC. 

The Synthetic Fuels Committee of 
MPAC falls in the general jurisdiction 
of R. G. Follis, Standard Oil Company 
of California, San Francisco, Calif., who 
is chairman of the Refining Panel of 
MPAC, These committeemen, after 
being nominated by MPAC, were speci- 
ally appointed for this service by the 
Army-Navy Petroleum Board and the 
Department of the Interior. 

Here are the committee members: 


Synthetic Fuels Committee— A. P. 
Frame, Cities Service Company, New 
York, who is also a member of MPAC, 
chairman; Alois Kremser, Standard Oil 
Company of California, San Francisco; 
Max B. Miller, Max B. Miller and Com- 
pany, New York; E. V. Murphree, 
Standard Oil Development Company, 
New York; and J. K. Roberts, Standard 
Oil Company (Indiana), Chicago. 


Subcommittee on Natural Gas—J. K. 
Roberts, chairman. Reserves group: H. 
D. Hancock, Cities Service Company, 
New York, group chairman; R. O. Gar- 
rett, Arkansas Louisiana Gas Company, 
Shreveport, La.; K. C. Heald, Gulf Oil 
Corporation, Pittsburgh; D. P. Olcott, 
Humble Oil & Refining Company, Hous- 
ton; T. W. Johnson, Union Producing 
Company, Shreveport; T. V. Moore, 
Standard Oil Development Company, 
New York; and A. M. Ripple, Phillips 
Petroleum Company. Bartlesville, Okla. 
Process group: L. C. Kemp, Jr., The 
Texas Company, New York, group 
chairman; J. H. Arnold, Hvdrocarbon 
Research, Inc., New York; H. Z. Mar- 
tin, Standard Oil oaceeeenene Com- 













pany, Elizabeth (N.J.); J. E. R 
Stanolind Oil and Gas Company, Tulsa: 
and H. H. Storch, United States Bureay 
of Mines, Pittsburgh. 

Subcommittee on Coal—E. V. Murph. 
ree, chairman, Reserves and ming 
group: Joseph Pursglove, Jr., Pittsbu 
Consolidation Coal Company, Pittsby 
group chairman; I. N. Bayless, The 
Union Pacific Coal Company, O 

United States 
Washington, D.C; 


Neb.; J. D. Doherty, 
Bureau of Mines, 

G. C. Gester, Standard Oil Company of 
California, San Francisco; and M. H. 
Forester, Pittsburgh Consolidation Coal 
Company Pittsburgh. Process group: E, 



















J. Gohr, Standard Oil Development 
Company, New York, group chairman; 
E. T. Layng, Hydrocarbon Research, 





Inc., New York; W. C. Schroeder, United 
States Bureau of Mines, Washington, 
D.C.; J. E. Seebold, Standard Oil Com- 
pany (Indiana), Whiting, Ind.; and H.§, 
Turner, Pittsburgh Consolidation Coal 
Company, Library, Pa. 

Subcommittee on Shale—Alois Krem- 
ser, chairman. Mining and disposal group: 
Joseph Pursglove, Jr., group chairman; 
I. N. Bayless; E. D. Gardner, United 
States Bureau of Mines, Denver, Colo.: 
G. O. Gester; and A. C. Rubel, Union 
Oil Company of California, Los An- 
geles. Process group: Alois Kremser, 
group chairman; H. G. M. Fischer, 
Standard Oil Development Company, 
New York; A. C. Rubel; W. C. Schro- 
eder; and T. P. Simpson (L. P. Evans, 
alternate), Socony - Vacuum Laborato- 
ries, Paulsboro, N.J. 

MPAC was created by the Secretary 
of the Interior at the request of the Sec- 
retaries of War and Navy to study the 
petroleum aspects of military plans and 
problems and to provide the Army- 
Navy Petroleum Board and the Oil and 
Gas Division of the Department of the 
Interior with counsel, advice, and infor- 
mation. 













































Short Course Offered” 
In LP-Gas Appliances 


The University of Tulsa’s short course 
for LP-gas appliances which will be 
held June 2-5, will place emphasis on 
specialized sessions this year. Subjects 
include hot water heaters, gas refrigera- 
tion, liquid meters, fully automatic LP- 
gas ranges, automatic controls, etc. 

Three subjects will be treated in gen- 
eral sessions—customer relations, future 
of the LP-gas industry, and properties 
of LP-gas. 

s 


Pov! Ostergaard Dies 


Povl Ostergaard, 48, chief process en- 
gineer of Gulf Oil Corporation, died 
February 17, after a brief illness. 

With Gulf since 1926, Ostergaard is 
principally known for his work in con- 
nection with the Gulf polyform process, 
which he invented and developed. He 
was either senior author or co-author 
of numerous technical papers on various 
phases of that process for the conver- 
sion of naphtha or gas oil to gasoline. 
However, in addition to seven Polyform 
patents, he also held patents dealing 
with thermal cracking, fractionation, iso- 






merization, and catalytic cracking. He 
also was skilled in the mechanical 
phases of process design. 









Kelso Leaves Houdry 


George Kelso, manager of the techni- 
cal service and plant operations division 
of Houdry Process Corporation, Marcus 
Hook, Pa., resigned on March 15 to be- 
come a manufacturer’s representative in 
the Philadelphia area. He will be asso- 
ciated with V. L. Sanderson and their 
contacts will be with the petroleum and 
chemical industries. 

Prior to and during the war Kelso, 
who has been with Houdry since 1931, 
had charge of the initial operation of 
many catalytic cracking plants. 



















Texaco Fellowship 


The Texas Company is establishing 4 
graduate fellowship at the University of 
Southern California to encourage @© 
vanced studies and research in the field 
of chemical engineering. The awards 
will be made by the Dean of the College 
of Engineering. Its purpose will be 1 
study fundamental problems of distilla- 
tion in refinery procedure. 
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Burks Fisher 


Esso Standard Directors 
Get Manufacturing Posts 


Dr. H. G. Burks, Jr., a director of 
Esso Standard Oil Company, has been 
named general manager of the com- 
pany’s manufacturing operations and H. 
W. Fisher, also a director, succeeded Dr. 
Burks as general manager of the East 
Coast refineries. Both men joined Esso 
more than 20 years ago upon gradua- 
tion from the Massachusetts Institute 
of Technology. 

Dr. Burks started as a development 
engineer at the Bayway refinery in Lin- 
den, N. J., and rose through various 
manufacturing positions to director in 
1943. He was appointed manager of 
East Coast refineries in 1946. 

Fisher joined the company as a chem- 
ical engineer at the Baton Rouge, La., 
refinery and much of his career has 
been devoted to the development and 
production of chemicals from petroleum. 
Elected a director in 1945, he later as- 
sumed the added responsibility of the 
presidency of Enjay Company, Inc., a 
subsidiary of Standard Oil Company 
(New Jersey) devoted to marketing of 
petroleum chemical products. 


Foster Wheeler Promotions 


Martin Frisch, vice president in charge 
of engineering of Foster Wheeler Cor- 
poration, last month was elected a di- 
rector of the corporation. Frisch joined 
the company in 1929 and was elected a 
vice president last year. 

Lee Allen Swem, a director of the 
company, and assistant to the president 
for the past three years, was elected a 
vice president. Swem became associated 
with the company in 1936 as patent 
counsel. 


Stanolind Gift 


Stanolind Oil & Gas Company has 
granted $125,000 toward a $750,000 pe- 
tr6leum science building for the Univer- 
sity of Tulsa. Construction of the three- 
story building to include research lab- 
oratories, is scheduled to start before 
December 1, 1948, under terms of the 
grant. 


Science Bill in Senate 


National science foundation legisla- 
tion, which is expected to comply with 
White House views, has been handed to 
the Senate. The bill provides for appoint- 
ment of the director by president instead 
of by the foundation board as provided 
in a bill vetoed last year. 
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NGAA Convention — = conTINUED FROM PAGE 169 


High taxes, public spending and 
schemes of economic planners, discour- 
agement by the government false 
doctrines of a riskless society, false 
propaganda about business profits and 
consequent inroads by labor on capital 
formation, higher costs and inadequate 
depreciation charges, and inordinate ex- 
portation of capital goods needed in the 
nation’s own economy, were listed as the 
principal reasons for the disappearance 
of risk capital. 

Wagner defined risk capital as “that 
part of the nation’s capital funds which 
is or may be devoted to finance new 
products, ideas, methods or services, or 
to supply equity capital for business ex- 
pansions.” 


High Compression Engines 


The Research Laboratories Division 
of General Motors has constructed sev- 
eral six-cylinder ungines of 12.5 to 1 
compression ratio and J. M. Campbell 
and L. L. Withrow, of General Motors 
Corporation, in discussing “Engines and 
Fuels for Higher Efficiency” presented 
a comparison of one of these engines 
with a 1946 production engine of com- 
parable horsepower. 

The fuel originally used in the 12.5 
compression engine was clear triptane 
but subsequently the engine has been 
operated in a car on gasoline having a 
research octane number in the vicinity of 
100 octane plus 0.2 ml. tel. and a Motor 
octane number between 88 and 90. This 
experimental engine of 12.5 to 1 com- 
pression ratio has demonstrated two im- 
portant principles: 1) That high com- 
pression engines can be made to conform 
with accepted standards of smoothness 
and general performance; and 2) that 
large gains in fuel economy can yet be 
made over current levels provided suit- 
able fuel becomes available at a reason- 
able cost to the consumer. 

Since 1930 the average efficiency of 
fuel utilization in passenger car engines 
expressed in ton-miles per gallon of 
gasoline, has increased by more than 30 
percent, this is the result of the com- 
bined efforts of the petroleum and auto- 
motive industries. 

Looking toward the future, General 
Motors has run full-scale automobile 
tests with high compression engines 
showing that further gains in fuel utiliza- 
tion of the same order of magnitude as 
those obtained in the past are still pos- 
sible. 

“There is an apparent need for raising 
the anti-knock quality of gasoline with- 
out the large refinery investment and 
loss of gasoline yield associated with in- 
creasing octane numbers,” C. H. Van 
Hartesveldt, vice president, Thompson 
Viat-Meter Corporation of Cleveland, 
Ohio, said in presenting “Economics of 
Anti-Detonant Injection.” 

“Gasoline engines require high anti- 
knock quality only when they are at or 
near full throttle. Most ground vehicles 
operate under these conditions but a 
small part of the time, making it eco- 
nomical to supply an anti-detonant only 
when needed.” 


Use of Alcohol 


“An alcohol-water-tetraethy] lead anti- 
detonant used through a fully automatic 
injection device will give octane num- 
bers at costs competitive with refinery 
methods,” Van Hartesveldt continued. 


“This new source of anti-knock quality 
can be used in two ways: 1) Added to 
low octane number, high burning quality 
gasoline to give adequate octane number 
and important maintenance savings to 
commercial fleets; or 2) used with regu- 
lar and premium grades of gasoline to 
satisfy the requirements of high com- 
pression ratio engines.” 

In a prepared discussion by R. I. Pot- 
ter of Standard Oil Company (Ohio) on 
Van Hartesveldt’s paper, Potter com- 
pared the performance of conventional 
engines using regular and premium 
grades of gasoline with the performance 
of high compression engines utilizing the 
injection of an anti-detonant solution to 
meet peak power demand. The require- 
ments of the base fuel with anti-detonant 
injection was only slightly higher than 
the requirements of the standard engine. 
Further, anti-detonant injection readily 
allows octane improvement above the 
octane ratings of present day motor 
fuels. This is significant because octane 
numbers at today’s higher levels are not 
as easy to obtain as were an equivalent 
number of octane points a few years 
back. 

“Any device or method for applying 
high anti-knock quality to hig compres- 
sion engines during the moments of their 
peak octane requirements, should be 
considered by both the automotive and 
petroleum industries in the interests of 
conservation of petroleum resources,” 
Potter asserted. 


Forum Session 


A forum, in which executives and 
technical men questioned leading av- 
thorities of the natural gasoline industry 
on processing, production, operating 
trends, and other matters of interest was 
held as the final session of the conven- 
tion. Moderator was D. E. Buchanan ot 
the Hiwan Oil and Gas Company ot 
Houston. The panel comprised: For ger- 
eral operations—Ray Carter, Stanolind 
Oil and Gas Company, Tulsa; J. R. But- 
ler, J. S. Abercrombie, Inc., Houston; 
F. J. Colton, Tidewater Associated Oil 
Company, Los Angeles; and Merle 
Church, Shell Oil Company, Inc, 
Houston. . 

For LPG and hydrocarbon chem 
cals—G. L. Brennan, Warren Petroleum 
Corporation, Tulsa, and J. E. Bludworth 
consultant, Corpus Christi. 

Engines and pumps—J. B. Zachr) 
Worthington Pump and Machinery Com 
pany, Tulsa, and Max Landry, Bruce 
McBeth Engine Company, Tulsa. 

Refining—W. W. Scheumann, Cutie! 
Service Oil Company, Lake Charles, La 

Cooling towers and air cooling—J. G 
De Flon, Fluor Corporation, Los At 
geles, and O. L. Smith, The Happy 
Company, Tulsa. 

Synthetic Hydrocarbons—Harold M. 
Smith, U. S. Bureau of Mines, Bartles- 
ville, Okla. 

Centrifugal blowers—R. N. Williams, 
Elliott Company, Jeannette Pa. 

Question screening committee: James 
Doughty, Southern Minerals Corpore 
tion, Corpus Christi, chairman; W- L 
Bowser, The Atlantic Refining Com 
pany, Dallas; V. E. Middlebrook, Shell 
Oil Corporation, Corpus Christi; } rank 
Stone, La Gloria Corporation, Corpus 
Christi, and Carl Wharton, Warren Pe 
troleum Corporation, Tulsa. 
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SCIENCE and TECHNOLOGY 
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cost by the Laboratories. 


The abstracts here presented are selected from the current 
literature of science and technology to afford reference to 
fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade 


Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories. Complete or limited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 
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Fundamental Physical and 
Chemical Data 





Vapor-Liquid Equilibria in Hydrocar- 
bon Systems—Part II. Stuart T. Hap- 
un, Chem. Eng. Progress, 44 (1948) pp. 
135-56. 

The paper is a continuation of the 
previous article on the subject in Chem- 
ical Engineering Progress in January. 
The authors present the procedure for 
obtaining vapor-liquid equilibria in hy- 
drocarbon systems from low pressures 
up to the convergence pressure of the 
system. Correlations are presented for 
obtaining K, equilibrium-vaporization 
constant, of nonhydrocarbons occurring 
frequently in hydrocarbon streams either 
as contaminates or as process materials. 
Three nomograms are presented and 
give correlations with adequate accuracy 
for the experimental ideal values of the 
equilibrium-vaporization constants of hy- 
drocarbons. Component lines can be 
constructed for any aliphatic paraffins 
and mono-olefins. Component lines can 
be constructed for diolefins and acety- 
lene hydrocarbons but the data from 
such lines should not be used for mix- 
tures containing paraffins and mono-ole- 
fns having boiling points close to those 
of the diolefins or acetylenes because 
frequently azeotropic mixtures are 
formed. Component lines can be con- 
structed for the aromatic and naphthene 
tydrocarbons but data from such lines 
should only be used in hydrocarbon 
mixtures of aromatics or naphthenes. A 
bibliography of 61 references is included. 


Influence of Interatomic Forces on 
Paraffin Properties. Harry WreneR, J. 
Chem. Phys., 15 (1947) p. 766. 

Empirical formulas for molecular re- 
factions, molecular volumes, heats of 
formation and boiling points of the par- 
afin isomers were reported by Platt. 
His variables were based on the assump- 
tion of additivity of bond properties and 
of interaction between different bonds in 
the molecule. The same basic formula 
Is derived by the author without any as- 
sumptions as to the nature of the forces 
interacting between two atoms. Several 
ormulas are compared with values re- 
Ported in the A.P.I. tables. The accuracy 
is of the same order of magnitude for 
molecular refractions, molecular vol- 
umes, and boiling points, but the Platt 
ormula is much better for heats of for- 
mation. The author’s formula employs 
‘Wo empirical parameters, Platt’s for- 








mula six, and the one by Taylor, Pig- 
nocco and Rossini seven. > 


Dielectric Studies. IX. Studies with 
Gasoline. Norman C. C. Lt anp THOMAS 
D. Terry, Jour. Amer. Chem. Soc., 70 
(1948) pp. 344-5. 

The work shows that gasoline and its 
fractions are essentially non-polar. Di- 
pole moment can be measured using gas- 
oline as a solvent, for it is a material of 
no definite molecular weight and the 
physical properties of which vary greatly 
with different samples. A summary of 
the dipole moment values obtained us- 


ing gasoline and similar solvents of in- - 


definite molecular weights is given and 
the results are shown to be in close 
agreement with values obtained using 
non-polar solvents of known molecular 
weights. 


The Use of Tritium in the Deter- 
mination of the Solubility of Water in 
Solvents. The Solubility of Water in 
Benzene. G. G. Jorts anp H. S. Taytor, J. 
Chem. Phys., 16 (1948) pp. 45-51. 

Ordinary methods for the determina- 
tion of water in hydrocarbons require 
large amounts of the hydrocarbons if 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal and 
Dearborn Streets, Chicago 16, has 
received urgent requests for the 
chemicals listed below. If anyone 
has one or more, even if only one 
gram quantities, please inform the 
Registry. 
1,16-Hexadecane dicarboxylic acid 
1,15-Pentadecane dicarboxylic acid 
1,12-Dodecane dicarboxylic acid 
1,14-Tetradecane dicarboxylic acid 
1,13-Tridecane*dicarboxylic acid 
Di-n-butylene. triamine 
Phenylisoxazoles 
Benzylisoxazoles 
C-Phenylpyrroles 
Benzylpyrroles 
Diallyldichlorosilane 
Methionic acid and diphenyl ester 
Chlorogermane 
Pyrogallol monomethyl ether 

monosulfonic acids 
Montanic acid 
Indole-3-aldehyde 
Heneicosane 
4-Phenylguaiacol 
Catechol monophenyl ether 
Catechol monoallyl ether 
5-Vinylguaiacol. 
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accuracy is to be obtained. Water is 
now available containing radioactive hy- 
drogen. This has made possible the de- 
velopment of a new method for measur- 
ing water solubility in hydrocarbons. 
Radioactive hydrogen emits soft beta- 
radiations, the intensity of which is best 
measured by direct introduction of the 
radioactive sample into the Geiger-Miiel- 
ler counter. Water dissolved in the hy- 
drocarbon can absorb from the hydro- 
carbon on calcium oxide by stained reac- 
tion. Water in calcium hydroxide can be 
removed by ethanol vapor if a vacuum 
is used. 





Chemical Compositions and 
Reactions 





Aromatics in Petroleum Fractions, 
Separation and Determination from High 
Boiling Petroleum Fractions by Adso 
tion. M. R. Lipxrn, W. A. Horrecxer, C. 
C. Martin, AND R. E. Lepiey, Anal. Chem., 
20 (1948) pp. 130-134. 

A method for the determination of per- 
cent aromatics with an. accuracy of 1 
percent in hydrocarbon solutions boiling 
above 200° C. is described. The method 
involved is the dilution of the sample 
with an equal volume of pentane, fol- 
lowed by percolation through a fixed 
quantity of silica gel, washing the gel 
with pentane until the refractive index 
of the percolate drops to the. refractive 
index of the pentane, and desorption of 
the aromatics with benzene and methyl 
alcohol. The method used classifies all 
hydrocarbons containing one or more 
aromatic rings as aromatics whether the 
side chain is paraffin, olefin, naphthene, 
or cyclo-olefin. A bibliography of 16 ref- 
erences is included. 


Pure Compounds from Petroleum, 
Purification and Purity of Hydrocarbons. 
Frepertck D. Rossini, Anal. Chem., 20 
(1948) pp. 110-121. 

American Petroleum Institute Re- 
search Project No. 6 started at the Bu- 
reau of. Standards in 1927 and ‘has been 
in progress continuously. It has involved 
a total of approximately 200 man-years 
of research. A description of this work 
dealing with the separation of pure*com- 
pounds from petroleum, and with the 
purification and determination of purity 
of hydrocarbons, is presented by the 
author. This - rt summarizes the 
work. The first part of the report sur- 
veys the problem of determining the 
composition of natural petroleum in 
terms of its individual components, The 
latter part describes the work of puri- 
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fying and determining the purity of hy- 
drocarbons required for use as standard 
samples for calibrating analytical appa- 
ratus and instruments and for measuring 
needed physical, thermodynamic, and 
spectrographic properties. Table 1 of the 
article lists the hydrocarbons separated 
from a Ponca, Okla., crude petroleum, 
The principles involved in the purifica- 
tion of hydrocarbons are briefly re. 
viewed, and the processes of purifica- 
tion described. Table 2 lists the A.P I. 
N.B.S. Hydrocarbons completed July 1, fy. 34 




































1943, to June 30, 1947. One hundred and The 
twenty pure hydrocarbon compounds 0 fol 
were separated and purified in this pe- roge 
riod. Criteria of purity are described, A hydro 
bibliography of 19 references is included. nickel 








Vanadium Oxide, A Hydrogenation 
Catalyst. V. I. Komarewsky, L. B. Bos 
AND J. R. Cotey, Jour Am. Chem. Soc., 70 
(1948) pp. 428-30. 

Vanadium oxide has been widely used 
as an oxidation catalyst. It has also been 
reported to be an effective catalyst for 
the dehydrogenation of hydrocarbons, 
The work reporting a direct hydrogen- 
ation of unsaturated hydrocarbons ‘in 
the presence of vanadium oxide catalyst 
is described. Vanadium oxide-aluminum 
oxide catalysts were prepared by the co- 
precipitation from solutions of sodium 
vanadate and aluminum nitrate. The per 
| cent hydrogenation of isobutylene, hex- 




































































| ene-l and octene-1 obtained was over 95 HM gen r 
| percent. The optimum temperature for HJ an b 
the olefin hydrogenation was found to be @ volvin 
400° C. The space velocity is critical for 9 adsor! 
| this reaction. Acetylene was hydrogen- @ adsor! 
| ated successfully, the reaction product @ The f 
| consisting of 92.9 percent ethane, 0.2 per- 9 ductio 
cent acetylene and 6.9 percent ethylene. HM ene th 

| Attemps to hydrogenate benzene were 9 vew 

| unsuccessful. However, at 115 atmos- 
| pheres pressure 27 percent cyclohexane Low 
was obtained. An important feature of 9 lsobu 
| the vanadium oxide catalyst is its resist- 9 Puesc 
| tance to sulfur poisoning. The 
of iso 
| Pyrolysis of Methane Flowing & taniun 
| Through a Porcelain Tube in the Region & «ataly 
| 1000°. Arvin S. Gorpon, Jour. Amer. Hi ane ar 
| Chem. Soc., 70 (1948) pp. 395-401. plex a 
| The decomposition of methane was § Dry t 
| studied in a porcelain tube at tempera- # ‘on v 
tures between 1007 and 1075° C. Within & purpo: 
this range of temperature the first-order J Mar - 
| reaction constants increased with in- Polym 
creasing decomposition. There was ag ‘ons | 
catalytic effect of acetylene, probably of 180 
homogeneous, which accounts for the «id. 
first-order reaction because the percent- 

age of acetylene increased with increas- Con 
ing percentage of decomposition. The V 
author concluded that ethylene had f Isc 
probably no effect on the decomposition chloro 
of methane. The surface initially had a Amer, 
large catalytic effect but this disappeared 1,1,. 
by the time 30 percent of the methane the pr 
was decomposed. No induction period sobut: 
was observed. In the early stages of the the p1 
decomposition, 50 percent nitrogen or @ om 
steam in the entering gas resulted in ap- @ Percen 
proximately the same percentage of de- Hj “usec 
composition of the methane for equal when t 
contact time. brobat 
given. 

The Preparation of Optically Active oe 
Hydrocarbons by the Wurtz Reaction. pos 
R. L. Lerstncer, Jour. Amer. Chem. Soe. ISOp 
70 (1948) pp. 406-9. Perf 
(—)1-Phenyl-2-methylbutane and (+) HENNE 
1-phenyl-2-methyloctane were prepare Chem, 






in good yields by the reaction of benzyl- 








sodium with (+)2-bromobutane and 
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| )2-bromo6ctane, respectively. (+)1- 
Pheny!-2-methylbutane was prepared by 
he condensation of phenylsodium with 
(4)2-methyl-1-bromobutane. The ex- 
yat of racemization in the reaction of 
henzylsodium and 2-bromobutane was 
mated and the stereochemical rela- 


Kionships are discussed. 


The Catalytic Decomposition of 
fthane and Ethane-Hydrogen Mixtures. 
(gaRLES KEMBALL AND Hucu Stott Tay- 
ue, Jour. Amer. Chem. Soc., 70 (1948) 
N- 345-51. 

The mass spectrometer can be used 
» follow the reaction of ethane and hy- 
jogen to produce methane. The ethane- 
iydrogen decomposition on a supported 
sickel catalyst follows equation 


Rate=kp oy, °"p H: ** 


wer a wide range of composition. En- 
gy of activation is 52 kcal./mole. At low 
atios of hydrogen-ethane, abnormal ki- 
netics, depending on a high inverse pow- 
eof the hydrogen pressure, is observed. 
This is ascribed to heterogeneity of the 
surface. Ethane will decompose quanti- 
tatively over a nickel catalyst to methane 
ad carbon. The rate is proportional 
to p C:He** and energy of activation is 40 
kcal/mole. The carbon is reversibly de- 
posited and can be converted to methane 
by hydrogen. The rate-determining step 
of methane formation is the breaking of 
the carbon-carbon bond. Ethane-hydro- 
gn reaction and ethane decomposition 
an be interpreted by a mechanism in- 
wiving the presence on the surface of 
asorbed ethylene, in equilibrium with 
adsorbed ethyl radicals and hydrogen. 
The fact that the initial rate of the pro- 
duction of methane is greater from ethyl- 
me than from ethane substantiates this 
view, 


Low-Temperature Polymerization of 
lobutene by Titanium Chloride. P. H. 
PusscH, Nature, 160 (1947) pp. 868-9. 
The low-temperature polymerization 
d isobutene in hexane solution by ti- 
unium chloride (TiCk) requires a co- 
atalyst. The co-catalyst soluble in hex- 
ae and which would form a TiClk com- 
plex also soluble in hexane was desired. 
Dry trichloracetic acid in hexane solu- 
ton was found to be efficient for the 
purpose. For a starting temperature 
tear — 80° C. the maximum rate of 
jlymerization under adiabatic condi- 
tons is a function of the concentrations 
Eebutene, TiCl and _ trichloracetic 
aci 


Condensation of Saturated Hydrocar- 
bons with Halodlefins. II. The Reaction 
Isobutane with cis- and trans-Di- 
thloroethylene. Louts SCHMERLING, Jour. 
Amer. Chem. Soc., 70 (1948) pp. 379-81. 

1,1, 2 - trichloro-3,3-dimethylbutane, is 
the principal product of the reaction of 
“butane with 1,2-dichloroethylene in 
te presence of aluminum chloride at 
fom temperature. It is obtained in 35 
recent yield when cis-dichloroethylene 
Sused, and in less than 5 percent yield 
when trans-dichloroethylene is used. The 
obable mechanism of the reaction is 
sven. It is shown that the reaction 
‘*rves as a means of evaluating recently 
Proposed mechanisms for the alkylation 
% isoparaffins with olefins. 


yretfluorinated Olefins. Asert — L. 
ENNE AND THos. H. Newsy, Jour. Amer. 
hem. Soc., 70 (1948) pp. 130-32. 

€ synthesis of perfluorinated ethyl- 
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ed in 1864. Ten years 
earlier, the first “Roots” 
Blower was produced. 
We're not good because 
we're old, but old because 
we're good. 
































(Right) R-C Type Ol Centrifugal 
Blower, in oil refinery service. 
Capacity 11,750 CFM. 


(Below) R-C Rotary Gas Pump, 
capacity 18,000 CFM at 244 Ibs. 
pressure. 

















You obtain an important, exclusive advantage when you consult 
us about problems of moving air or gas. That is, our dual-ability 
to supply either Centrifugal or Rotary Positive units. 


This dual choice allows you to match equipment exactly to your 
needs, in capacities, pressures and other characteristics. You can 
have standard Rotary Positive units from 10 CFM up to 50,000 
CFM, or Centrifugal units from 2,000 CFM up to 100,000 CFM. 


So, utilize this exclusive dual-ability by consulting us on all your 
blower and gas pump requirements. The économy and depend- 
ability of R-C Blowers have been proved for almost a century. 


ROOTS-CONNERSVILLE BLOWER CORPORATION 


804 Crescent Avenue, Connersville, Indiana 


POOTS-('ONNERSVILLE 


OTARY ENTRIFUGAL 
BLOWE" 5 - EXHAUSTERS - UID AND VA 


¢ ._@ QNE OF THE DRESSER INDUSTRIES + 
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ANHYDROUS 


AMMONIA 


for Petroleum Refining 


ARRETT ANHYDROUS AMMONIA, shipped as a 

concentrated liquid with a guaranteed mini- 
mum purity of 99.5% NH, is one of the lowest cost 
neutralizing agents delivered to the refinery. Be- 
cause of its low molecular weight, one pound of 
Ammonia will neutralize the same quantity of acid 
as several pounds of other neutralizing agents. 


‘Easily vaporized, Anhydrous Ammonia follows 
the gas stream through the refinery equipment, neu- 
tralizing corrosive acids as they are formed. Am- 
monia has high solubility and a high rate of diffu- 
sion in oil. 

Used in oil refining, Ammonia destroys acidity 
without the formation of water or undesirable emul- 
sions. Products of neutralization can be easily re- 
moved from the oil. Excess Ammonia can be re- 
moved by blowing the oil with air. Used as a liquid 
or as a gas, Ammonia is easy to handle in the 
refinery. 

Barrett Anhydrous Ammonia is available in both 
tank cars and cylinders. Tank car shipments are 
made from Hopewell, Virginia, and South Point, 
Ohio. Loaded cylinders are stocked at points con- 
veniently located from coast to coast. 


The advice and help of Barrett technical service men are 
available to Barrett customers without charge. Free literature 
on Barrett Anhydrous Ammonia will be mailed on request. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 








ene and its polymerization to commer. 
cial TEFLON, (CF:)s, are now indys. 
trial processes. Efforts of the author; 
were directed towards the synthesis oj 
other fully fluorinated olefins in orde 
to study their polymerization character. 
istics and their ability to copolymerige 
with CF;—=CFy.. A synthesis sequence 
for CF;CF==CF: was complicated by 
a rearrangement. A practical, simple ¢. 
quence gave CF;CF==—CFCF,. The 
preparation of C:FsCF==CF; was de. 
feated by rearrangements. 
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Pressure Drop Across Tube Banks, 
D. F. BoucHer Anp C. E. LAppte, Chem. 
Eng. Progress, 44 (1948) pp. 117-34. 

The estimation of pressure drop across 
tube banks is a field in which the data 
are conflicting and in which correlations 
are needed. The purpose of the paper is 
to compare the methods that have been 
proposed in the light of all the data now 
available. Only plain tubes are consid- 
ered. Incorporation of allowances for 
tube-bank configuration in a single fric- 
tion factor-Reynolds number relation- 
ship is fundamentally unsound and any 
attempt to use such a factor is purely 
empirical. A fundamental cofrelation 
should be based on isothermal and iso- 
baric data. All availabel data for turbu- 
lent flow are summarized on a consistent’ 
basis in Tables 2 and 3, together with 
details of equipment and operation. An 
indication of the effect of the number 
of rows and tubes on the friction factor 
for turbulent flow is given in Table 5 
The graphical correlation of Grimison, 
in which friction factor is plotted against 
Reynoids number with transverse and 
longitudinal spacings as parametric 
curves, appears to be the best available 
method for a general representation of 
data for both in-line and staggered ar- 
rangements over a Reynolds number 
range of 2,000 to 40,000 and involves an 
average deviation from the data of > 
15 percent. A bibliography of 37 refer- 
ences is included. 















Reaction Rate, Heat Transfer, and 
Temperature Distribution in Fixed-Bed 
Catalytic Converters. Solution by Elec- 
trical Networks. R. H. WitHewm, W. C. 
Jounson, R. Wynkoop anv D., W. CoL- 
LIER, Chem. Eng. Progress, 44 (1948) pp. 
105-16. 

The literature with regard to thermal 
problems in tubular pseudo-isothermal 
catalytic converters in which the tem- 
perature of the reactor wall is controlled 
is reviewed. Fundamental heat-balance 
equations are given, Data needed for s0- 
lution of the equations are discussed 
under the headings of 1) kinetics and 2) 
solid-gas convection heat and miass- 
transfer coefficients, and 3) thermal con- 
ductivity of granular media. A method 
for rapidly analyzing thermal problems 
in catalytic reactors by means of an 
electrical network is described. The net- 
work depends upon the mathematical 
analogy between Fourier’s law of heat 
conduction and Ohm’s law of electrical 
conduction. No limitations are impose 
in the use of the network with respect 
to the form of temperature in the use 
of the network with respect to the form 
of temperature dependencies or variation 
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General views of Tide Water Associated Oil Company 
Refinery at Bayonne, New Jersey. 


ANY HEAT EXCHANGERS cooled by salt e 






























ie. water are being retubed with Anaconda are invited to utilize the broad experience and 

a Super Nickel 702 in the vast Bayonne, N. J. metallurgical knowledge of our Technical 

ced-Bed refinery of Tide Water Associated Oil Com- Department in determining the most suitable 

4 Wie pany. alloys for any heat transfer problem. Ana- 

N. Cot Selection of this highly corrosion-resistant ¢onda Publication B-2 provides comprehen- 
ji 70-30 alloy was made by Tide Water engi- _ sive information on tubes and plates for heat 

name neers after extensive testing and research to exchange applications. It will be mailed on 

ie tem- find tubes that would stand up in exception- _ request. «130 

wee ally severe service... under attack from corro- 

for s0- sive New York harbor water used to condense 

a 19) petroleum gases and to cool petroleum liquids. 

= . Besides Super Nickel 702, Anaconda Con- 

nethod denser and Heat Exchanger Tubes are avail- 

— able in 9 other standard and several special 

he a alloys to meet practically every service re- HEAT EXCHANGER TUBES 

f heat § quirement, and are subjected to precision 

: - - control through every step of manufacture. THE AMERICAN BRASS COMPANY 

espect Engineers and equipment manufacturers nama opie proacrascoste soem 

y mn In Canada: ANACONDA AMERICAN Brass L1p., 

riation New Toronto, Ont. 





















Vo. 4 


April, 1948—A Gulf Publishing Company Publication 2 

















PRECISELY WHAT 


™ dust— 


recovery 


PROBLEM? 


You calla doctor 


when you’re sick — why not call upon 
engineering specialists to determine 
—and solue—your dust-collection 
problem? In the past 10 years, the 


Buell Engineering Company has 





designed and installed thousands 
of dust-collection systems, each 
planned to solve an individual problem. Each situation was different, 
because a broad range of industrial uses was covered. The engineering 
know-how behind Buell design successfully meets difficult conditions 
imposed by size and shape of available space, unusual dust compositions, 
and widely varied gas volumes. Furthermore, the Buell van Tongeren 


design eliminates plugging. It’s all in the ‘new 32-page catalog—write: 
Buell Engineering Co., 6 Cedar Street, Suite 5000, New York 5, N. Y. 
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of conditions from point to point. Cop. 
struction of a given network js de. 
scribed. The paper provides a theoretical 
background for experimental studies of 
catalytic reactors in which the therma} 
problems are important. A bibliography 
of 25 references is included. 


Furfural as a Selective Solvent in Pe. 
troleum Refining. L. C. Kemp, Jr, G Bp 
Hamicton AND H. H. Gross, Ind. Eng, 
Chem., 40 (1948) pp. 220-7. 

Furfural has a high solvent power for 
those components of petroleum that are 
relatively unstable to oxygen, as well as 
other undesirable materials including 
color bodies, resins, carbon-forming 
bodies, and yet, at the working tem. 
peratures used, has a low solvent power 
for the desirable components. There are 
today some twenty plants using furfural, 
and ten additional plants are in the 
process of being engineered and con- 
structed. The paper discusses the fur. 
fural refining process and describes the 
commercial application of the method to 
the solvent refining of lubricating oil 
stocks and diesel fuels. A flow sheet of 
a typical refining unit is presented. Re. 
sults of the furfural treatments of the 
various lubricating oil stocks are given 
in tabular form, including paraffinic, 
mixed-base, and asphalt-base crudes. A 
bibliography of 14 references is included, 


Commercial Application of Hydrocar- 
bon Synthesis in the United States. 
James E. Latta anp Scotr W. WALKER, 
Chem. Eng. Progress, 44 (1948) pp. 173-76. 

Petroleum resources have been used 
in enormous quantities and while esti- 
mates of the ultimate supply vary wide- 
ly, it is evident that crude petroleum is 
becoming scarcer and more expensive 
and will be exhausted within several 
more decades. These facts have given 
importance to consideration of other 
sources of petroleum-type hydrocarbons, 
and the synthesis of these hydrocarbons 
from hydrogen and carbon monoxide is 
one of several possibilities. Announce- 
ment has been made of plans for two 
commercial plants to synthesize hydro- 
carbons and their oxygenated deriva- 
tives. The synthesis gas is prepared by 
the partial combustion of natural gas 
with oxygen at 20 atmospheres pressure. 
The reaction is conducted over a cheap 
iron catalyst in a fluid bed yielding hy- 
drocarbons as the principal by-products, 
with smaller amounts of oxygenated de- 
rivatives. The synthetic hydrocarbons 
are recovered, and, by relatively simple 
refining processes, are converted to high 
quality gasoline and heavier fuels. Oxy- 
genated compounds are obtained in com- 
plex mixtures that are processed for the 
separation of individual components. 
Some of these materials are important 
raw materials for chemical syntheses and 
for use as solvents, while others have 
never been available previously in com- 
mercial quantities, and applications for 
them must be developed. Two commer- 
cial plants incorporate the results of five 
years of intensive research on the prob- 
lems involved. Operability of the fluid 
iron catalyst process has been confirmed 
in pilot plants, but much work will be 
required to determine the many effects 
of changes in the reaction variables. Suc- 
cessful operation of these two large 
plants and the development of a more 
comprehensive understanding of the syn- 
thesis reaction mechanism through con- 





tinued research will vitally affect the 
subsequent installation of additional 
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plants utilizing natural gas and, even- 
tually, coal as raw materials for the syn- 
thesis of hydrocarbons and their deriva- 


tives. 
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Products: Properties, 
Utilization and Analysis 


—_—_—— 


Insecticidal Efficiency of Saturated 
Petroleum Fractions. G. W. Pearce, P. J. 
CHAPMAN AND D. E. H. Frear, /nd. Eng. 
Chem., 40 (1948) pp. 284-93. 

At least two basic factors appear to 
be involved in the insecticidal properties 
of petroleum fractions employed for con- 
trolling insect and mite pests on fruit 
trees, namely, structural composition and 
molecular weight of the hydrocarbons 
present. The work reported in the paper 
was undertaken because the relationship 
between the molecular weight of petro- 
leum hydrocarbons and their insecticidal 
efficiency has not been determined. Two 
series of narrow boiling petroleum frac- 
tions were prepared by fractional distil- 
lation of two technical white oils of 
commercial origin. The oils selected for 
fractionation represent distinctly paraf- 
finic and naphthenic types, the viscosities 
of which fall within the spray oil range. 
The fractions obtained were tested for 
their insecticidal efficiency using the 
eggs of the oriental fruit moth, Grapho- 
litha molesta Busck, as test material. 
Correlations between insecticidal effici- 
ency and various properties of the frac- 
tions, such as molecular weight, viscos- 
ity, density, refractive index, aniline 
point, and structural character were ob- 
served. It is evident from these correla- 
tions that conventional spray oils may 
contain a high proportion of hydrocar- | 
bons that are inactive insecticidally. Use 
of the data as a basis for establishing the 
properties of an ideal composition as 
well as their use as standards for a rela- 
tive evaluation of oils as insecticides is 
indicated. The properties of an ideal oil 
are Saybolt viscosity at 100° F. 70-80 
seconds, unsulfonated residue not less 
than 92 percent, density 0.840 (max.), 
boiling point range at 1 mm. Hg. 10° 
= 5° F., 50 percent boiling point at 1 
mm, Hg, 370° + 5° F., molecular weight 
340 + 5, pour point not greater than 30° 
F. A bibliography of 26 references is in- 
cluded. 





Oil-Paper Dielectrics. Effect of As- 
phalt as a Contaminant in Oil and in 
Impregnated Paper. Joun D. Prrer, Por- 
A TREEND AND KaTuryn S. Bevis, /nd. 
Eng. Chem., 40 (1948) pp. 323-28. 

Results of the investigations to date 
have been summarized as follows: Oil- 
soluble substances of wide variety, in- 
cluding most medium molecular weight 
acids, alcohols, aldehydes, esters, ke- 
tones, and peroxides, have little effect on 
Power factors and conductivities of oil 
or oil-impregnated paper. All additives 
thus far found cause high power factors 
and conductivities in insulating oils or 
oil-impregnated papers and fall either 
i Class A or Class B additives. Class A 
additives contain at least one component 
that is incompletely soluble in oil. Class 

additives belong to the type of sub- 
stances, notably acids, that in water or 
other solvents dissociate electrolytically. 

nly the strongest of these substances, 
such as sulfonic acids and salts of or- 
8anic. bases, cause an increase in the 
Power factor of the oil that is of practi- 






















HEAT EXCHANGER EFFICIENCY 
MAY DROP TO AS LOW AS 
10°%, WHEN DEPOSITS 
ACCUMULATE 





“X marks the spot” after these 
Wilson cleaners go to work on heat 
exchangers. Tubular deposits are 
cleaned in a single pass with a 
Wilson Trigger Power or a Wilson 
Pistol Grip Tubé Cleaner. Tackle 
any straight tubes from 4%” to 2” 
I.D. with this handy team . . . and 
do a faster, more thorough and 
more economical cleaning job than 
any other outside type tube cleaner. 
Here’s why: 


1. Higher torque at any speed than any 
other similar tube cleaners. 


2. 3500 rpm working speed permits the use 
of standard Wilson accessories. 


3. Any economically practicable scavenging 


agent can be used. 


psy 


time on job. 


Choose either cleaner . . 


THOMAS C. WILSON 
21-11 44th Ave., Long Island City 1, N. Y., Cable “Tubeclean,” New York 


TUBE CLEANERS 
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. Can be used even on sagged tubes. 

5. Provide operator with instantaneous, fin- 
ger-tip control of speed and power. 

6. Minimum operator fatigue — light weight, 

extra power, higher speed means less 


. Trigger Power or Pistol Grip 
... depending on the number and size of your tubes. For 
additional information, write to Dept. I. 






He is specially 
skilled in rating 


engine parts used 
in carefully controlled 
test runs. 





He is only one of a 
trained team of over 
2000 research scien- 
tists and technicians .. . 
backed by the facilities 
of the largest and most 
complete petroleum 
laboratories in the 
United States. 


Put him to work 
for you...to help 
improve your lubri- 
cants and fuels... by 

using Paramins. 


A M | N 5 make good motor oils and fuels better! 


ADDITIVES WITH A BACKGROUND PARAMINS ADDITIVES ARE KNOWN BY THE BRANDS: 
PARATONE —for improved viscosity index. 


PARAFLOW —/for lower stable pour. 

PARATAC -—for tacky oils and greases. 

PARAPOID —for E.P. gear oils. 

PARANOX —for inhibiting corrosion and oxidation. 
PARASHEEN —for better appearance. 

PARADYNE —for improved gasoline. 


ENJAY COMPANY, INC. o Trade mast 
AGENTS AND DISTRIBUTORS THROUGHOUT THE WORLD 





15 WEST 5isT STREET, NEW YORK 19, NEW YORK 
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al significance. Addition of asphalt to 
yn insulating oil increases the power fac- 
for and conductivity. This conductivity 
ig nearly independent of frequency. The 
dielectric properties of the asphalt solu- 
fons are not markedly different from 
those of solutions of an electrically dis- 
sociable material, such as lauryl sulfonic 
acid. Although asphalt, like lauryl sul- 
fonic acid, is strongly sorbed from oil 
by paper, the dielectric properties of pa- 
per impregnated with solutions of these 
contaminants are strikingly different. 
The authors suggest a means for de- 
termining whether high conductivity in 
an insulating oil is caused primarily by 
dectrolytically dissociable materials, 
iuch as acids, or by colloidally dispersed 


materials, such as asphalt. A bibliogra- 


phy of 9 references is included, 


Specific Heats of Volatile Liquids. 
GC. WittraMs, Ind. Eng. Chem. 40 (1948) 
pp. 340-1. 


A procedure is described for determin- 


ing specific heats of a liquid of a rela- 
tively high volatility. When the specific 
heats are needed at temperatures close 
to the boiling point, the usual methods 
of specific heat determination are inac- 
curate. An equation is given by which 
itis possible to relate specific heats to 
the weight of the substance employed, 
the heat equivalent of the calorimeter, 
and three rate expressions: heat input, 


measured temperature rise, and temper- | 
ature change at no-heat period. Data for | 


a typical measurement are given and 
the calculation of a specific heat is illus- 
trated. 


Mass Spectrometer-Hydrochlorination | 


Analysis of Butenes. F. W. MELpoLper 
asp R. A. Brown, Anal. Chem. 20. (1948) 
pp. 139-42. 

To improve the accuracy of determin- 
ing individual butenes, isobutene is con- 
yerted to tert-butyl chloride prior to 
mass spectrometer analysis. Two special 


methods of computation were devised, | 


with modifications of the basic principles 
of analyses proposed by Washburn, Wi- 


ley, and Rock. The procedure used in | 
the work, the methods of computation | 
and the data secured are presented in | 


considerable detail. 


Quantitative Determination of Dicy- 
clopentadiene. FeL1x BERGMANN AND HEL- 
Ei Anal. Chem., 20 (1948) pp. 


Although dicyclopentadiene and _ its 
monomer have become of considerable 
industrial importance in recent years, 
the few methods that have been devel- 
oped for the quantitative determination 
of the dimeric hydrocarbon are subject 
to limitations. The authors describe a 
method for the quantitative analysis of 
dicyclopentadiene which involves the ad- 
dition of formic acid to one of the double 
bonds and determination of the saponifi- 
tation equivalent of the resulting formate 
‘ster. The method is also applicable to 


the analysis of the higher polymers of | 
the hydrocarbon. The analytical proced- | 


ure is described in considerable detail 
and the results of typical analyses are 
given. 


Corbett Appointed 


Theodore R. Corbett has been ap- 
Pointed manager of the manufacturing 
department of The Carter Oil Company 
at Billings, Mont. For the past year and 
a half he has served as manager of 
arter’s Northwest division manufac- 
luring department. 














Add Comfort 
to Your Safety Program 


...get WILLSON 


COMFORT IS IN THE SADDLE ... With 
this broad saddle nose bridge, there’s 
less fatigue in wearing these goggles over 
long periods of time in heavy duty opera- 
tions. Super-Tough* lenses, of course. 


AN OUNCE AND A QUARTER OF PREVEN- 
TION ... Lightweight, form fitting 
MONOGoggle can be worn all day with 
comfort. Tru-Hue green or clear plastic 
full vision interchangeable lens has high 
impact strength. 


THIS LIGHTWEIGHT TAKES ON ALL DUSTS Style No. 45D 

.. . Large throw-away filter and flexible 
molded face piece assure easy breathing *Reg. U. S. Pat. Of. 
and comfortable, snug, face fit. U. S. 


Bureau of Mines Approved. GOGGLES + RESPIRATORS + GAS MASKS + HELMETS 


For complete information on these |. 
products and their application, as LE 
well as many more eye and respira- 
tory protective devices, get in touch 
with your nearest Willson distributor 
or write us direct. 215 WASHINGTON STREET, READING, PA, U.S. A 
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**VAREC" 
Approved 

Flame Arrester Figure No. 
50 Series. Listed by Un- 
derwriters’ Loboratories, 
approved by Associated 
Factory Mutuals’ Labora- 
tories and other Safety 
authorities. 
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It might not have happened if the tanks were Baily deat igh Volta 

adequately protected with flame arresters and — 

other safety devices. ““VAREC” Approved Equip- 

ment gives you that protection. ‘“VAREC” 

Approved Flame Arresters flow large volumes of . 

gas, yet when fire occurs, they immediately stop 

any flames from passing back into the tank. 

“VAREC” Approved Internal Safety Valves and 

Check Valves when exposed to external fire act 

to quickly stop liquid flow into and from the 

tank. Investigate these and other ‘“VAREC” 

Safety Devices for your storage tanks. Write for 

the “VAREC” P-7 Catalog today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


COMPTON, CALIFORNIA, U.S.A. 
NEW YORK CLEVELAND CHICAGO TULSA - HOUSTON 
30 Church Street - 1501 Euclid Ave. 122 So. Michigan Ave. 533 Mayo Building 821A M. & M. Bidg. 
Cable: VAREC COMPTON (all codes) 
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225 TERRY TURBINES 


SERVE THE CITIES SERVICE REFINING CORP. 
AT LAKE CHARLES, LA. 


These 225 Specially Designed 
Terry Turbines are used to drive 
pumps and compressors at the 
Cities Service Tutwiler Refinery. 


Typical Units are shown above. At 
the left is an 1800 H. P. condensing 
multi-staged Turbine direct con- 
nected to a blower. At the right 
are two 175 H. P. Terry solid 


wheel turbines driving pumps. 


The same engineering talent and 
manufacturing facilities that pro- 
duced these turbines are available 
to assist you in obtaining efficient 
power generation. 


Any of our District Representatives 
will be pleased to give you full in- 
formation ona turbine drive to 
meet your requirements. No obliga- 
tion. May we send you descriptive 


bulletins? 


THE TERRY STEAM 
TURBINE COMPANY 


TERRY SQUARE, HARTFORD,CONN. 
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U.S.P. Re 22,963. Process for Resolving 
Oil-in-Water Emulsions. L. T. Mon- 
son, W. A. Anderson, and F. W. Jen- 
kins to Petrolite Corporation, Ltd. 
Petroleum emulsions of the oil-in- 

water type are broken by subjecting 

them to the action of a surface-active 
heat-polymerized amino-alcohol of the 

formula [HOR.(OR)m)/n — N — [R;]n’, 

wherein OR is an alykylene oxide radi- 

cal with not over 4C atoms selected 
from the radicals of ethylene oxide, pro- 
pylene oxide, butylene oxide, glycide, 
and methyl glycide, R: is hydrogen or 
an alkyl radical with 6 or less C atoms, 

m is a numeral from 1-3, n is 2 or 3, n’ 

is 0 or 1 and n+ n’=3. The heat-poly- 

merized compound is either the anhydro 
base, or the hydrated base, or a salt. 

About 1 percent of the demulsifier is 

preferably used. Heat-polymers of trie- 

thanolamine can, for example, be em- 
ployed. 


U.S.P. 2,434,322. Azeotropic Distillation | 


of Toluene with Propionic Acid. J. W. 
Latchum, Jr., and J. S. Connors to 
Phillips Petroleum Company. 
Toluene is separated from a hydro- 
carbon fraction boiling within a boiling 
range of up to about 30° F. (e. g. of the 
range of 210-240° F.) and containing 
toluene and non-aromatic hydrocarbons 
by continuously distilling this fraction 
in the presence of propionic acid. To- 
luene and a portion of the propionic acid 
are thereby concentrated in the still bot- 
toms. The propionic acid is water ex- 
tracted from these bottoms as well as 
from the non-aromatic overhead hydro- 
carbons, dehydrated and recycled. 


U.S.P. 2,434,528. Method for Removing 
Ash-Forming Constituents and Sedi- 
ment from Alkaline Petroleum Resid- 
uum, E. F. Wadley to Standard Oil 
Development Company. 

Alkaline petroleum residua obtained 
by distilling hydrocarbon oil in contact 
with alkali are mixed with 50-150 per- 
cent by vol. of water- H,:SO, of a strength 
of about 3N-10N is added in an amount 
sufficient only to neutralize the residua. 
A petroleum sulfonate is added in an 
amount of 0.05-0.3 percent by weight 
of the water, the materials are mixed 
thoroughly at elevated temperature (e.g. 
125-212° F.) and then allowed to settle 
and stratify. The oil layer formed is 
withdrawn. It is substantially free of 
ashes. The petroleum sulfonate acts as 
a demulsifier. 


U.S.P. 2,434,578. Antiknock Motor Fuel. 
P. Miller to Standard Oil Develop- 
ment Company. 

The antiknock motor fuel according 
to this patent consists of a gasoline fuel 
containing a small amount of a stable 
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complex of the formula M’Xx.M’’ Ys. 
(N’),n wherein M’ and M’’ represent 
different central heavy metal constitu- 
ents of groups I, IV, VI, VII, or VIII 
of the periodic table, X and Y are halo- 
gen atoms taken x and y times to satisfy 
ordinary valences of M’ and M’’, re- 
spectively, and (N’), represents mole- 
cules of CO, NO, CN, nitrogen bases, 
or an oxide of said metals having coordi- 
nate linkages to the metal constituents, 
n being the number of these molecules 
corresponding to an available coordina- 
tion valence of said metals. An example 
of such a complex is: Fe(CO)sC1,:SnCl:. 
It has an octane number increasing 
effect. 


U.S.P. 2,434,402. Method of Concentrat- 
ing Dilute Aqueous Solutions of Metal 
Ammonium Complex Compounds. A. 
W. Fleer to Shell Development Com- 
pany. 

The patent relates to the concentra- 
tion of dilute aqueous solutions of am- 
monium complexes of metal salts, par- 
ticularly of aqueous copper ammonium 
acetate solutions as obtained in the 
separation of butadiene from mixtures 
with other hydrocarbons. The dilute 
solution is heated below its boiling 
point to remove mixed water-N H; vapor 
while adding supplemental ammonia 
with a NH; content greater than that of 
the mixed vapor, the amount of intro- 
duced NH; being about equal to that 
removed with the vapor. The deposition 
of insoluble products during the concen- 
tration is thus avoided. 


U.S.P. 2,434,409. Process for Purifying 
a Hydrocarbon Mixture Containing 
Small Amounts of Organic Fluorine 
Compounds. V. N. Ipatieff and C. B. 
Linn to Universal Oil Products Com- 
pany. 

Hydrocarbon mixtures are freed from 
small amounts of organic fluorine com- 
pounds contained therein and deriving 
from the alkylation of an isoparaffin and 
an olefin in the presence of HF or the 
like, by treating the mixture with H:SO, 
of at least 90 percent concentration. 


U.S.P. 2,434,424. Plural Stage Extrac- 
tive Distillation with Inverse Solvents. 
R. C. Morris and T. W. Evans to Shell 
Development Company. ; 
Butadiene can be separated from a C, 

hydrocarbon mixture also containing 

beta butylene and more saturated hydro- 
carbons by extractively distilling this 
mixture in the presence of a first rela- 
tively high boiling polar solvent to pro- 
duce a first overhead fraction compris- 
ing the more saturated hydrocarbons 
and aé_ residual fraction comprising 
butadiene, beta butylene and the sol- 
vent. The latter is separated and at 
least a part of the remaining residual 
fraction is then extractively distilled in 
the presence of a relatively high boiling 
non-polar solvent for beta butylene un- 


der conditions to take butadiene over- 
head. This method of separating un- 
saturated from more saturated hydro- 
carbons of a vaporizable mixture by 
successive use of a polar and a non- 
polar solvent is also applicable to the 
treatment of other hydrocarbon mix- 
tures, e.g. to that.of a mixture of aro- 
matics and more saturated hydrocarbons, 


U.S.P. 2,434,650. Motor Fuels and Prepa- 
ration Thereof. W. A. Herbst to Stand- 
ard Oil Development Company. 
The motor fuel according to this 

patent comprises gasoline hydrocarbons, 

a knock reducing amount of aromatic 

amine, a gum inhibiting amount of 

alkylated hydroxy aromatic oxidation in- 
hibitor free from any amino substituents, 
and a sufficient amount of CS; to sta- 
bilize the aromatic amine present in the 
fuel against discoloration during storage. 

The proportions can, for example, be: 

at least 50 percent by vol. of hydro- 

carbon stock, 0.5-0.6 percent of anti- 
knock agent, 0.1-1.0 Ib./1000 gallons of 
gum inhibitor, and less than 0.1 percent 


of CS:. 


U.S.P. 2,434,796. Process for the Ex- 
tractive Distillation of C, Hydrocar- 
bons with Furfural. K. H. Hachmuth 
to Phillips Petroleum Company. 

The patent is concerned with a proc- 
ess for the separation of low-boiling 
aliphatic Cs hydrocarbons of various de- 
grees of saturation. The more unsatu- 
rated portion, e.g. butadiene, is sepa- 
rated from the more saturated portion. 
Details are given of a process for effect- 
ing this separation by fractional distilla- 
tion in the presence of furfural as a 
selective solvent for the more unsatu- 
rated hydrocarbons. 


U.S.P. 2,434,839. Process for Treating 
Hydrocarbons. O. L. Davis and A. C. 
Nixon to Shell Development Company. 
In the treatment of a hydrocarbon 

mixture or fraction with an aqueous cop- 

per ammonium acetate solution, in which 
two phases are produced, a relatively 
stable dispersion of one phase in the 

other is obtained by the action of im- 

purities formed as a result of the re- 

action of unsaturates in said mixture 
or fraction with each other and with 
oxygen. To prevent the formation of such 

a dispersion a relatively small (¢. 

0.0001-1 percent by vol. of the mixture) 

of an unsubstituted aliphatic alcohol 

with 8-14 C atoms per mol., miscible of 
soluble or spontaneously dispeérsable 
colloidally in the aqueous copper am- 
monium acetate solution is added to the 
reactants. This method can also be em- 
ployed where other alkaline alkali metal 
or alkaline ammonia compounds capable 
of forming two phases with hydrocar- 
bon mixtures are used. Decyl alcohol, 
lauryl alcohol, and 2-ethyl hexanol are 
examples of the alcohols useful in this 


process. 
® MORE PATENTS PAGE 221 
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CATALYST PREPARATION, 
ACTIVATION, AND 
REGENERATION 
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US.P. 2,434,418. Preparation of Mag- | 
nesium Silicate Adsorbents. W. A. 
LaLande, Jr., to Attapulgus Clay 
Company. 

An alkali metal silicate and a water 
soluble magnesium salt are reacted in 
aqueous solution in the presence of a 
compound yielding NH, ions in aqueous 
solution, such as NH,Cl, at a tempera- 
ture of 150-400° F. The insoluble mag- 





nesium silicate formed is separated. The 
product obtained has superior decoloriz- 
mg and catalytic. properties. 


U.S.P. 2,434,419. Process of Regenerat- 
ing Adsorbents. C. D. Laughlin and 
H. M. Gwyn, Jr., to Attapulgus Clay 
Company. 

A solid adsorbent, such as bauxite, 
containing moisture adsorbed from a 
wet combustible gas is regenerated by 
passing the wet gas through the wetted 
adsorbent and burning at least a por- 
tion of this wet gas. The resulting com- 
bustion products are passed in indirect 
heat exchange relationship with the ad- 
sorbent to increase its temperature suf- 
ficiently to drive off adsorbed moisture 
juring the passage of wet gas there- 
through. 


U.S.P. 2,434,567. Method and Apparatus 
for Contacting Hydrocarbons with 
Catalyst Particles. C. E. Jahnig and C. 
W. Tyson to Standard Oil Develop- 
ment Company. 

A reactant (e.g. hydrocarbons) is con- 
tacted with hot powdered catalyst in a 
reaction zone. Spent catalyst withdrawn 
from the bottom of this zone is passed 
to the bottom of a first regeneration 
zone for partial regeneration and then 
to a second regeneration zone arranged 
above the reaction zone for further re- 
generation. A fluidized column of cata- 
lyst is provided and a hydrostatic pres- 
sure is produced between the second 
regeneration zone and the reaction zone 
for passing regenerated catalyst to the 
reaction zone, 





U.S.P. 2,435,379. Preparation of Spheroi- 


dal Catalyst. R. C. Archibald to Shell 
Development Company. 


To prepare substantially spheroidal 


catalyst particles suitable for use in mov- | 


ing-bed catalyst reaction systems, an 
acidic, inorganic sol capable of forming 
a gel in the form of dispersed droplets 
is contacted with a body of liquid im- 
miscible with the sol and containing a 
coagulating agent, such as ammonia. The 
droplets formed are maintained dispersed 
in the liquid for a time sufficient to con- 
vert the sol droplets into relatively 
stable gel particles. 


U.S.P. 2,435,380. Process for Preparing 
Catalysts. R. C. Archibald and R. A. 
— ble to Shell Development Com- 
Jany 
A catalyst of mixed sulfides of an ele- 

ment of the left column of group VI of 

the periodic table and of a metal of the 
ron group is prepared by treating an 

aqueous alkaline solution of a salt of a 

thioacid f that element with an aqueous 

Solution f a soluble salt of that metal 

and with water-soluble acid to precipi- 

fate the sulfides of said element and of 
said metal. The thioacid solution must 
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contain sulfide ions in an amount at least 
equivalent to said metal and shall be em- 
ployed in sufficient amount to obtain a 
pH of 1-2. Precipitation is carried out at 
a temperature below 50° C. The mixed 
sulfides obtained can be dried and sub- 
jected to reducing conditions. Mixed 
tungsten-nickel sulfides can, for example, 
be obtained. A catalyst specially suit- 
able for the dehydrogenation of hydro- 
carbons of-the type of cyclohexane naph- 
thenes is obtained by the reduction of 
such a mixed sulfide until it has the 
composition: W°1.5-2 Ni°3-4S. 


U.S.P. 2,434,602. Regeneration of Solid 
Materials. W. I. Thompson to Stand- 
ard Oil Development Company. 
Contact material containing combusti- 

blé~ contaminants is suspended in a re- 

generating gas. The resulting suspension 
is passed successively in concurrent flow 
through a plurality of regenerating zones 
and the temperature of the catalyst is re- 
duced between these zones. The contact 
material is also separated between these 
zones from the regenerating gas and then 
resuspended in a fresh stream of re- 
generating gas for further regeneration. 





CRACKING AND REFORMING 





U.S.P. 2,434,434. Hydrocarbon Conver- 
sion. D. Read, Jr., to Universal Oil 
Products Company. 

A hydrocarbon oil is successively 
treated in two fluidized catalyst cracking 
stages with intermediate fractionation of 
the effluent of the first stage and return 
of the high boiling fraction containing 
entrained catalyst particles to this first 
stage. The fraction of gasoline boiling 
range from the effluent of the first stage 
forms the charge for the second catalytic 
treatment. The products of the second 
treatment are fractionated correspond- 
ingly and the high boiling fraction there- 
of containing entrained catalyst is re- 
turned to the second stage of the process. 


U.S.P. 2,434,634. Production of High 
Octane Gasolines. J. R. Bates to Sun 
Oil Company. 

A gasoline obtained by cracking a pe- 
troleum oil is treated to isomerize 
l-olefins to 2-olefins and is then sub- 
jected to a second cracking treatment. If 


desired, the 1-olefins, e.g., l1-pentene, can 
be separated from the gasoline after the 
first cracking and then be isomerized to 
the corresponding 2-olefin which is re- 
combined with the gasoline before the 
second cracking. A product of higher 
octane value is obtained by the inter- 
mediate isomerization of the 1-olefins. 


U.S.P. 2,435,196. Cracking of Hydro- 
carbons with a Beryllium Phosphate 
Catalyst. G. R. Bond, Jr., and G. A. 
Mills to Houdry Process Corporation. 
A hydrocarbon material, particularly 

an oil heavier than gasoline, is cracked 

in the presence of beryllium phosphate. 

This catalyst can be produced by pre- 

cipitation of a soluble Be salt, e.g., Be 

sulfate, with an ammonium phosphate, 
forming the reaction product into pieces, 
and drying and calcining these pieces. 

Very high ratios of gasoline/gas and 

gasoline/coke are obtained by the use of 

the new catalyst under normal cracking 
conditions. 





ISOMERIZATION 





U.S.P. 2,434,338. Pariffin Hydrocarbon 
Isomerization. E. Solomon to The 
M. W. Kellogg Company. 

The isomerization process according 
to this patent makes use of a normally 
solid volatile metallic halide catalyst 
which is vaporized and then mixed with 
the hydrocarbon vapors to be treated. 
Details of a process of this type are de- 
scribed and claimed. 


U.S.P. 2,434,437. Process for Isomeriza- 
tion of Paraffin Hydrocarbons with 
Fluid Friedel-Crafts Catalyst and 
Added Dicyclic Naphthenic Hydro- 
carbons. W. E. Ross to Shell Develop- 
ment Company. 


Pentane is converted to isopentane by 
contacting pentane in admixture with a 
promoting amount of a hydrogen halide 
under isomerizing conditions with a 
liquid mixture of decalin and a fluid 
AICl;-containing catalyst. Other satu- 
rated dicyclic alicyclic hydrocarbons can 
be used instead of the decalin and other 
Friedel-Crafts metal halides can be em- 
ployed as the fluid catalyst. The method 
is also useful in the isomerization of 
other normal and branched chain paraf- 
fins with 4-10 C atoms. No substantial 
hydrocarbon decomposition takes place 
in these conversion operations. 





ALKYLATION 





U.S.P. 2,434,623. Simultaneous Alkyla- 
tion and Desulfurization. J. R. Meadow 
and W. A. Stover to Socony-Vacuum 
Oil Company, Inc. 

A mixture of gas oil which contains 
alkylatable constituents and has a rela- 
tively high S content and naphtha con- 
taining alkylatable constituents is treated 
with sufficient HF to ensure liquid phase 
separation of HF. A liquid HF portion 
is separated from a liquid desulfurized 
alkylated hydrocarbon portion and the 
latter is cracked. A low sulfur gasoline 
with increased gasoline to coke ratio is 
obtained. 


U.S.P. 2,435,402. Production of Motor 
Fuels. S. H. McAllister and E.- F. 
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Bullard to Shell Development Com- 

pany. ‘ 

An excess of isoparaffin or alkyl cyclo- 
paraffin is contacted with an olefin and 
conc. H,SO, under alkylating conditions 
producing a saturated hydrocarbon. Ben- 
zene sulfonic acid can be added to the 
H:SO, catalyst as a promoter. 


U.S.P. 2,435,028. Alkylation Process. 
W. E. Bradley to Union Oil Company 
of California. 

An isoparaffin, such as isobutane, and 
an olefin, such as a mixture of butylenes, 
are constinuously fed to an alkylation 
system and contacted therein with a 
catalyst, such as H.SO,, under alkylation 
conditions. On settling the reaction 


products, a catalyst phase is separ 
from an alkylate phase containing ah 
proportion of isoparaffin. This al 

phase is used for prediluting the of 
feed prior to contacting it with 
catalyst. 


U.S.P. 2,435,029. Process for Alkyl 
of Isoparaffins with Olefins. W. 
Bradley to Union Oil Company | 
California. % 
The patent describes a_ continug 
method for reacting isoparaffins or 
matics with monoolefins in the pres 
of an alkylation catalyst and for produg 
ing gasoline of high octane number 
such alkylation. The reagent mixture 
agitated during the contacting operation 
with the catalyst. The molecular ratio 
alkylatable hydrocarbon to olefin 
preferably maintained at at least about 
50:1 at the point where the olefin initially” 
contacts the catalyst. 4 


3 


U.S.P. 2,435,038. Catalytic Dealkylation” 
of Alkyl Aromatic Compounds, W, 1 
Gilbert and C. W. Montgomery tg 
Gulf Research & Development Com 
pany. 

A mono-hydric tertiary-butyl phenol 
such as mono- or di-tertiary-butyl cresol) 
is contacted with an active clay catalyst) 
at a temperature of 250-350° C. Iso- 
butylene is obtained. The process is, for 
example, useful for the separation ¢ 
meta- and para-cresol by first alkylating! 
their mixture with isobutylene, sep 
ing the resulting alkylation product 
from one another by fractionation am 
then debutylating one or both of the 
separately by the patented process. 





POLYMERIZATION AND 
CONVERSION 





U.S.P. 2,434,536. Emulsion Polymeriza 
tion Process. E. Arundale to Standard 
Oil Development Company. é 
In the polymerization of a conjugate 

diolefin, e.g., in the interpolymerization 

of butadiene-1,3 and styrene, in aqueotl 
emulsion, an amount of up to 50 perce 
of an aliphatic mercaptan modifier or® 
mixture of such modifiers is added whid 
contains 8-16 C atoms per molecule 

This addition is made stepwise da 

polymerization. A rubber-like mate 

is obtained. 


U.S.P. 2,434,552. Polymerization Process. 
N. M. Elmore and H. C. Evans © 
Standard Oil Development Company. 
Isobutylene is polymerized at low 

temperature in the presence of 150-400 

parts of a liquefied normally gaseous 

paraffinic hydrocarbon internal retrig 
erant per 100 parts of isobutylene. BR 

dissolved in an alkyl chloride with 1-2 

atoms per molecule to a concentration OFF 

10-50 percent is added to a portion OF 

the refrigerant which contains 2-3 

atoms per mol., to produce a solution 

which contains 0.04-2.4 percent of BR 
and 0.1-4 percent of BF; calculated om 
the amount of isobutylene to be poly) 
merized. The isobutylene is mixed Witt 
the rest of the refrigerant and this muey 
ture is added to the before mentioned) 
BF; mixture for effecting polymeriz@® 
tion. Oily liquid polymers with a MO 
wt. above 1000 as well as rubber-like 
solids with a mol. wt. above 25,000 amg 
products of medium mol. wt. and proper 
ties can be obtained. : 


U.S.P. 2,434,833. Process for Condensie) 
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maintenance costs! 


Ts. high quality of design and 
construction of Sier-Bath Screw 
Pumps enables them to operate 
continuously for long periods with- 
out maintenance. The pulseless 
flow and vibrationless operation of 
these pumps greatly reduce main- 
tenance cost—there is less wear on 
valves, couplings and other fittings. 
Pipes and joints remain tight and 
require little attention. With main- 
tenance labor costs at an all-time 
high, these are important points 
to consider today in the selection 
of pumps. 

































Made in an up-to-date machine 
shop, accustomed to precision 
methods and equipped with the 
most modern machinery, Sier-Bath 
Screw Pumps always measure up 
to the highest standards required 
by users. They are made in both 
horizontal and vertical models. 


Sier-Bath customers are protected 
from mis-application by the mature 
pump engineering experience of 
this Company’s staff. Send for 
descriptive booklet. 
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tion of Hydrocarbons by Contact with 
Concentrated Sulfuric Acid in Silica 
Gel. F. G. Ciapetta ‘to The Atlantic 
Refining Company. : 

In the conversion of hydrocarbons jp 


* the presence of a H:SO, catalyst, e.g, in 


the polymerization of unsaturated hydro. 
carbons, such as isobutylene, or in the 
alkylation of an isoparaffin or an aro- 
matic hydrocarbon with an olefin, the re. 
actants are brought into intimate contact 
with silica gel having an initial water 
content of 3-15 percent by weight and 
which has been impregnated with SO, 
in a quantity sufficient to unite with the 
water content of the gel to form 100 per- 
cent H.SO, in the pores of the gel. The 
resulting hydrocarbon polymers, alky- 
lated isoparaffins, alkylated aromatic hy- 
drocarbons, or the like are recovered. 


U.S.P. 2,434,843. Method for Hydrocar. 
bon Conversion in the Presence of 
Particle Form Catalysts. F. C. Fahne- 
stock and W. Ulrich to Socony- 
Vacuum Oil Company, Inc., and The 
Lummus Company. 


In the conversion of hydrocarbons in 
the presence a particle form catalyst 
which is passed as a substantially com- 
pact column cyclically through hydro- 
carbon conversion and a _ regeneration 
zone, fines resulting from the attrition of 
the catalyst material are removed by 
passing the stream of catalyst down- 
wardly along an inclined, elongated 
chute so as to cause a concentration of 
the fines along the underside of this 
stream, and by withdrawing catalyst ma- 
terial containing some of the largest 
sized particles along with the concentra- 
tion of the fines from the bottom of the 
chute near its lower end at a rate of only 
a minor fraction of the total rate of 
catalyst flow through the chute. After 


‘separation of the fines from the with- 


drawn catalyst material, the remaining 
coarse particles including said largest 
sized particles are returned to the circu- 
lating catalyst stream. 


U.S.P. 2,435,158. Hydrocarbon Conver- 
sion Process. D. Read, Jr., to Uni- 
versal Oil Products Company. 

A stream of hydrocarbons which con- 
tains suspended spherical particles of 
catalyst is passed under conversion con- 
ditions through a reaction zone. The con- 
version products are fractionated after 


_separation of the catalyst to separate a 


stream of normally gaseous products. 
The separated catalyst is suspended in 
at least a portion of these gaseous prod- 
ucts and the rtsulting suspension is sup- 
plied to a catalyst regenerating zone 
where the catalyst is separated from the 
gaseous products and retained. The flow 
of the suspension to this zone is stopped 
after a predetermined time and the re- 
tained catalyst is regenerated at rela- 
tively low pressure.’ Another stream of 
gaseous products is then supplied under 
elevated pressure to the regenerating 
zone to force the catalyst into the feed 
stream of hydrocarbons to be converted. 
The process can, for example, be em- 
ployed in cracking, reforming, and de- 
hydrogenating operations. 


U.S.P. 2,435,229. Kneader Polymerization 
Process for Olefins. M. D. Mann, Jr., 
to Jasco, Inc. 

Isobutylene is mixed with an inert 
liquefied normally gaseous hydrocarbon 
refrigerant, e.g., dimethyl butadiene, t° 
bring it to a temperature of —10 to 
—165° C. The mixture is subjected to 
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successive kneading treatments and poly- 
merized in the presence of a Friedel- 
Crafts catalyst in fluid condition, such 
as BFs. 


US.P. 2,435,411. Diolefin Polymer 
Resins. F. J. Soday to The United Gas 
Improvement Company. 

According to this patent a resinous 
product is obtained by polymerization in 


the presence of an acid-acting metallic 
halide of a light oil fraction free of more 
than 5 percent cyclopentadiene by weight 
and containing percent diolefins, 
20-48 percent amylenes, 2-5 percent pen- 
tanes, and 0.1-10 percent of a stabilizer 
obtained -by reacting acetone with ani- 
line, p-amino diphenyl, or diphenyl-p- 
phenylendiamine. The resulting resin is 
free trom objectionable odor. 








HYDROGENATION, DEHYDROGENATION, AROMATIZATION 





US.P. 2,434,395. Preparation of Pure 
Aromatics from Petroleum Distillates. 
W. H. Claussen and T. M. Powell to 
California Research Corporation. 

Pure aromatics, particularly pure tolu- 
ene, are produced from naphthenic petro- 
leum stocks boiling within the naphtha 
boiling range (e.g., at 180-235° F.) by 
treatment in the presence of dehydro- 
genation catalysts at increased tempera- 
ture and pressure in the presence of a 
carrier gas containing free hydrogen. 
The resulting product is fractionally dis- 
tiled to obtain a narrow cut aromatic 
fraction which is subjected to a second 
dehydrogenating catalytic treatment. 


US.P. 2,434,522. Production of Diolefins. 
W. D. Seyfried to Standard Oil De- 
velopment Company. 

An olefin-containing hydrocarbon feed 
stock is passed through a dehydrogena- 
tion zone maintained under conditions to 
convert olefin into diolefin. The effluent 
is passed to a quenching zone where it 
is cooled to a temperature substantially 
above atmospheric by bringing it into 
intimate contact with a mineral oil con- 
taining free oxygen and an oxidation 
inhibitor. A phenol of petroleum origin, 
eg., isobutyl-p-amino phenol can be used 
as the inhibitor and a naphthenic gas oil 
as the mineral oil. The diolefins formed, 
such as butadiene, are recovered. The 
presence of the oxidation inhibitor pre- 
vents the formation of polymers which 
are otherwise formed from the unsatu- 
rated hydrocarbons under the influence 
of peroxides formed by the action of the 
free oxygen present in the oil on the un- 
saturated compounds. 


U.S.P. 2,434,537. Two-Stage Synthesis of 
Hydrocarbons. F. T. Barr and W. G. 
Scharmann to Standard Oil Develop- 
ment Company. 

A mixture of CO and H: is forced into 
a first reaction zone containing a body 
of powdered catalyst in the form of a 
dense suspension. Contact time and tem- 
perature in this zone are controlled (e.g., 
to 350-500° F. at a pressure of 10-250 
psi.) to induce substantial formation of 
hydrocarbons which are liquid at operat- 
ing temperatures, limiting production to 
hot more than about 60 percent of the 
amount attainable under the reaction 
conditions. The reaction products with- 
drawn from the first zone are discharged 
ito a zone which contains at least one 
bed of Stationary catalyst. The reaction 
8 permitted to proceed in this second 
zone at synthesis temperatures until fur- 
ther substantial or maximum quantities 
of normally liquid products are formed. 


USP. 2,434,577. High-Compression 
Motor Fuels and Their Manufacture. 
P. Miller to Standard Oil Develop- 
ment Company. 

A cracked gasoline of high olefin con- 
ent and containing substantial amounts 

of aromatic and naphthenic hydro- 

“atbons is fractionated to form a frac- 


tion boiling below 158° F. and a 
fraction boiling above 158° F. The 
lower boiling fraction is treated to re- 
place paraffinic components thereof with 
mono-olefins with 4-6 C atoms until the 
mono-olefins constitute at least 75 per- 
cent by volume of this fraction and 10-30 
percent by volume of the fuel. The frac- 
tion of the gasoline boiling above 158° F. 
is hydrogenated in the presence of a 
catalyst to reduce the olefin content to 
less than 10 percent by volume while 
maintaining the distillation character- 
istics substantially unaltered. The olefin- 
enriched fraction boiling below 158° F. 
is then recombined with the higher boil- 
ing hydrogenated fraction. A motor fuel 
with improved lead susceptibility and 
road octane rating is obtained. 


U.S.P. 2,434,923. Distillation of Butadiene 
from Methyl Acetylene and Higher- 
Boiling Hydrocarbons. K. H. Hach- 
muth to Phillips Petroleum Company. 
In the manufacture of butadiene by 

catalytic dehydrogenation of n-butenes 

hydrocarbon mixtures are obtained which 
in addition to butadiene contain methyl 
acetylene and at least one hydrocarbon 

less volatile than _ butadiene, e.g., 

butene-2. Butadiene is separated from 

such mixtures by treatment in a frac- 
tionator. An overhead vapor comprising 

butadiene and methyl acetylene and a 

bottom product comprising the less vola- 

tile hydrocarbon are obtained. The over- 
head vapor is condensed and a vaporous 
fraction containing methyl acetylene in 
considerably higher concentration than 
the other fractions is withdrawn from 
the condensate. The residual liquid con- 
densate essentially consisting of buta- 
diene and methyl acetylene is returned to 
the top of the fractionator as reflux and 
liquid butadiene is withdrawn from the 
fractionator at a point intermediate the 
points at which the feed and reflux enter. 

The resulting butadiene contains not 

over 0.05 percent by weight of methyl 

acetylene. 


U.S.P. 2,435,443. Separation of Gem 
Cyclic Hydrocarbons from Nongem 
Cyclic Hydrocarbons by Selective De- 
hydrogenation. V. N. Ipatieff and H. 
Pines to Universal Oil Products Com- 
pany. 

A gem alkyl cyclohexane, i.e. a com- 
pound of this class which has at least one 
C atom in the ring with two substituent 
groups attached thereto, is separated 
from a non-gem alkyl cyclohexane by 
subjecting the mixture to dehydrogena- 
tion in the presence of a suitable cata- 
lyst, e.g. a platinum catalyst, at a tem- 
perature at which substantially only the 
non-gem compound is dehydrogenated 
to form an aromatic hydrocarbon and 
the gem compound is left substantially 
unchanged, preferably at a temperature 
below 275° C. The gem compound 1,],- 
2,3-tetramethylcyclohexane can, for ex- 
ample, be separated by this method from 
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the non-gem compound 1-methyl-4-iso- 
proplycyclohexane. 


U.S.P. 2,435,551. Production of Hydro- 
carbons from Carbon Monoxide and 
Hydrogen. J. F. Black to Standard 
Oil Development Company. 

CO and He are reacted at a tempera- 
ture of 300-450° F. in the presence of a 
fluidized catalyst comprising nickel 
chromite prepared by combining at ele- 
vated temperature under agitation an 
aqueous solution of a nickel salt with an 
ammoniacal solution of ammonium chro- 
mate and separating, drying and calcin- 
ing the precipate formed. The use of the 
novel catalyst makes unnecessary the 
otherwise required accurate temperature 
control of the Fischer-Tropsch process. 





HEAVY OILS AND WAXES 





U.S.P. 2,434,490. Rust Preventing Lubri- 
cating Oil Compositions, G. W. Dun- 
can to Standard Oil Development 
Company. 

The rust preventing composition con- 
sists of a lubricating mineral oil and 
0.5-10 percent by weight of a fatty acid 
monoester of sorbitan. The fatty acid 
radical of this ester shall have 8-30 C 
atoms. Sorbitan mono-laureate and 
mono-oleate are examples of the additive. 


U.S.P. 2,434,539. Lubricants. A. Beer- 
bower and A. J. Morway to Standard 
Oil Development Company. 

The grease-like lubricant prepared ac- 
cording to this patent consists of a 
slurry of dehydrated and activated 
LiOH, Ba(OH)e, or Sr(OH)s in min- 
eral lubricating oil. The dehydration and 
activation of the slurry is effected by 
heating the hydroxide in the lubricating 
oil to a temperature above 225° F. A 
fatty acid, such as oleic acid or naph- 
thenic acid, can be added in small 
amounts to form a soap with the metal 
hydroxide present. 


U.S.P. 2,435,124. Method of Dispersing 
a Foam-Reducing Silicon Containing 
Compound. L. C. Bollinger to Shell 
Development Company. 

A compound of the formula 


R 


wherein each R is a saturated non-aro- 
matic organic radical, and n and m are 
positive integers of at least 2 is dissolved 
in an aliphatic hydrocarbon with a Say- 
bolt Universal viscosity of less than 50 
seconds at 100° F, The resulting ma- 
terial is incorporated into a hydrocarbon 
lubricating oil, preferably by passing a 
gas through this oil for agitation, If the 
vehicle for the silicon compound is a 
relatively low boiling hydrocarbon, it 
can be removed after the incorporation 
of the silicon compound in the lubri- 
cant. The silicon compound, e.g. poly- 
meric dimethyl silicone, can, for exam- 
ple, be used in an amount of 0.0001-0.5 
percent by weight of the lubricating oil. 
Foaming of this oil is substantially re- 


duced by the addition. 
U.S.P. 2,435,206. Nonfoaming .Composi- 
tions. G. H. B. Davis and J. C. Zimmer 
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Where process gas analysis must be... 


THE Baird Associates 
Infrared Absorption Type 


AUTOMATIC RECORDING 
GAS ANALYZER 


- ++ Offers these important advantages for control of 
catalytic cracking, synthesis of fuels, and many other 
refining processes—increasing both operating effi- 
ciency and productivity: 


Fully automatic process control 


The gas analyzer unit automatically maintains process 
control for a critical concentration of the specified gaseous 
component by its ability to govern a standard pneumatic 
system operating at the control point. 


High sensitivity with high discrimination 


Ultimate sensitivity for most gases is approximately 10-20 
parts per million. For gas mixtures where infrared 
absorption bands overlap, an additional ‘“‘interference 
cell’”” minimizes the interfering components to give high 
discriminating power. 


Operated and maintained by plant technicians 


Plant technicians assume the entire burden of chemical 
analysis of process gases, relieving highly skilled personnel 
of an expensive and time-consuming task. 


Thermostatic controls prevent temperature errors. 


Continuous automatic standardization of “zero drift” takes 
place hourly. 


Sealed-in reference gas unit insures reliability. 


» AUTOMATIC 
» ACCURATE 
© SENSITIVE 

















The Baird Associates infrared gas ana- 
lyzer can be furnished in styles to suit 
various requirements, including remote 
indicating and recording, explosion- 
proof housings, and the cabinet style 
shown above. 


For complete details on the Baird 
Associates infrared gas analyzer, '¢ 


quest Bulletin XXX1. For information on & 
its specific application to your problems, § 


we will gladly study your specifications 
and report. 
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to Standard Oil Development Com- 


ny. 
Phe material according to this patent 
consists of a mineral lubricating oil, 
metallo-organic additives, such as bar- 
jam tertiary octyl phenol sulfide, and 
9,0001-10 percent by weight of highly 
fuorinated aliphatic hydrocarbons with 
5.50 C atoms and composed of 60-80 
percent F by weight, 20-37 percent C, 
and 0-3 percent Hz». These fluorinated 
hydrocarbons are oil-soluble and depress 
the excessive foaming properties other- 
wise caused in the oil: by the metallo- 
organic additives. 


US.P. 2,435,483. Preparation of Lubri- 

cating Oil. R. 

Company. 

A hydrocarbon charge containing a 
substantial proportion of naphthenic con- 
stituents and less than about 10 percent 
aromatics, preferably a charge of this 
kind which boils above 400° F., is re- 
acted with at least an equimolar quan- 
tity of an aliphatic alcohol with at least 
§ C atoms per mol. under alkylating 
conditions and in the presence of a cata- 
lyst of the water-absorbing type, such 





S. Vose to Sun Oil | 


as HF. Lubricating oils of high viscosity | 


index are preferably obtained. 


U.S.P, 2,435,542. Wax Acids Separation | 
Process. F. G. Hess to Cities Service | 


Oil Company. 


Wax acids as obtained by the oxida- | 


tion of hydrocarbon waxes, petrolatum, | 


and the like are refined by treating a 
naphtha solution of the oxidation prod- 
ucts with ZnCl. Naphtha soluble hy- 
droxy acids are precipitated thereby and 
separated from the other oxidation prod- 
ucts which can be further refined. 





DESULFURIZATION 





US.P. 2,434,868. Process for the Re- 
moval of Carbonyl Sulfide from a 
Hydrocarbon Fluid. G. E. Sample and 
W. B. Miller to Shell Development 
Company. 

_Carbonylsulfide (COS) is removed 

from a hydrocarbon fluid containing it 

by contacting this fluid with an aqueous 

alkaline solution in the presence of a 

water soluble aluminate, zincate, or chro- 

mite or mixtures thereof. Sodium alumi- 
nate is an example of such useful salts. 

The transformation of COS to CO: and 

HS by alkaline solutions is substan- 

tially accelerated by the presence of the 

soluble aluminate or the like. 


a 





PETROCHEMICALS 


U.S.P. 2,434,313. Manufacture of Com- 
pounds Containing Carbonyl Groups. 
H. Dreyfus. 

A mixture of one mol of a diolefin, 
such as 1:3-butadiene or 1:5-hexadiene, 
and at least 2 mols of formaldehyde is 
heated to a temperature of 50-80° C. 
the reaction mixture is cooled and the 
dialdehyde formed is separated there- 
rom. Adipic or suberic dialdehyde can, 
‘or example, be obtained. 





U.S.P. 2,434,289. Manufacture of Hydro- 
carbons. L. Schmerling-to Universal 
Oil Products Company. 

An aliphatic mono-olefin is reacted 
with 4 monohaloalkane in the presence 
of a metal halide catalyst of the Friedel- 
rafts type at a pressure sufficient to 
*ep a substantial proportion of the re- 








E FASTER! 


ANSUL MODEL 350A 


sive you MORE PROTECTION re deter 





DRY CHEMICAL 
FIRE EXTINGUISHERS 






Ansul Dry Chemical Fire Extinguishers give you. more protection... pound for 
pound... dollar for dollar... than any other extinguisher of comparable size. In 
addition ... Ansul Fire Extinguishers provide the best first-aid protection: 


@ For hazards involving flammable gases, gasolines, 
alcohols, solvents, oils, asphalts and greases. 


® For electrical equipment hazards. 


Ansul Fire Extinguishers have the highest established 
tatings for effectiveness on flammable liquid fires, 
based on tests by nationally recognized approval 
agencies. The longer range stream of dry chemical is 
effective in winds and drafts. 

After use, Ansul Dry Chemical Fire Extinguishers 
can be recharged “‘on the spot”... providing con- 
tinuing protection...and annual recharging of 
Ansul extinguishers is NOT necessary. 

Safe to use...mon-toxic, non-corrosive, 
abrasive. 

Ansul Dry Chemical Fire Extinguishers are pre- 
ferred fire protection in the production, refining and 
marketing of all petroleum products. 


non- 









Ask for your copy of file No. 
201. You will receive factual 
data on how Ansul Dry Chem- 
ical Extinguishers will cut your 
fire protection costs. 


Listed and Approved by Under- 
writers’ Laboratories and Fac- 
tory Mutual Laboratories. 


ANSU 


DISTRIBUTORS IN 
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Ansul 
Model 30 


@ Mode! 20 


CHEMICAL COMPANY 


FIRE EXTINGUISHER DIVISION, MARINETTE, WISCONSIN 


PRINCIPAL CITtes 


229 













Unequalled Speed 


in THE ATP 





The tremendous power developed by the 
new ROTOJET enables it to clean tubes at 
unbelievable” speed. On one recent job, a 
ROTOJET Model 505 cleaned badly scaled 
2” boiler tubes at the rate of 5 minutes per 
tube in one pass, while ordinary tube cleaners 
required two passes and 20 minutes. The 
time and labor saved more than paid for the 
ROTOJET on this one job alone. New 
ROTOJET models for operation with air, 
water or steam are stocked for most tube 
sizes. Send for new bulletin. 


ROTOJET 


TUBE CLEANERS 








Roto Air Valve for curved tube cleaners. 


Roto Air Valve Saves Labor 


By installing an inexpensive Roto Air 
Valve directly behind the motor, tube 
cleaning becomes a one-man job, 
eliminating a helper and speeding up 


Model C-525 ROTOJET Ait-Driven Motor with the cleaning. Made for all straight 
st aK.” and curved air-driven tube cleaners. 


ELLIOTT COMPANY-ROTO DIVISION 


155 Sussex Avenue Newark |, N. J. 











actants in liquid state and at a tempera. 
ture of —30° to 125° C. The resulting 
higher boiling monohalogenated  saty. 
rated hydrocarbons are dehalogenated 
for example by zinc and propanol to 
form the corresponding saturated paraf. 
fin or naphthenic hydrocarbons. Thus 
3-methyl-3-ethyl pentane can be pro. 
duced from ethylene and sec.-buty] bro- 
mide, 3,3-dimethylpentane from ethylene 
and tert.-amyl bromide, and 1,1-diethyl- 
cyclohexane from ethylene and bromo. 
cyclohexane. 


U.S.P. 2,434,403. Process for Producing 
Cyclopentadiene, F. E. Frey to Phil- 
lips Petroleum Company. 


Propylene is continuously introduced 
into one end of a cylindrical turbulence 
chamber of relatively large cross-section 
at a high linear velocity while streams 
of acetylene are injected tangentially at 
a plurality of longitudinally distant 
points of this chamber at high velocity, 
the molar ratio of propylene to acetylene 
introduced being at least 9:1. Vigorous 
turbulent circulation of the reaction mix- 
ture is maintained in the chamber which 
is heated to 1200-1500° F. The treated 
mixture is continuously withdrawn from 
the opposite end of the chamber after 
an average residence time of 0.3-0.75 
seconds. Cyclopentadiene is recovered 
from the cooled effluent of the process. 


U.S.P. 2,434,850. Process for Production 
of Formaldehyde. C. A. Hochwalt, 
C. J. Stehman and R. W. Sudhoff to 
Monsanto Chemical Company. 


A preheated gas mixture containing 
normally gaseous aliphatic hydrocarbons 
is oxidized in contact with surfaces com- 
posed of the heat reaction product of 
phosphoric acid on iron. The oxidizing 


| gases can contain nitric oxide in cata- 


lytic amount. The contact surfaces can 
consist of phosphate, pyrophosphate, or 


| metaphosphate of iron. Formaldephye is 


r 


formed. The contact surfaces inhibit 
oxidation of the hydrocarbons or their 
first oxidation products to CO; and H:0. 


U.S.P. 2,434,888. Hydrogen Bromide- 
Catalyzed Oxidation. F. F. Rust and 
J. H. Raley to Shell Development 
Company. 

A vaporous mixture comprising Oxy- 
gen and a saturated aliphatic hydrocar- 
bon containing a tertiary C atom, such 
as isobutane, is reacted in the presence 
of HBr at an elevated temperature be- 
low that at which spontaneous combus- 
tion of the mixture occurs, e.g. at 100- 
200° C., in a reaction vessel the inner 
glass surfaces of which are coated with 
an oxide of boron. Peroxidic compounds, 
such as tert. butyl hydroperoxide, 
di(tert. butyl-)peroxide and mixtures 
thereof are obtained. The use of a reac- 
tion vessel with inner glass surfaces 
treated with an oxide of boron has an 
activating effect on the catalytic reaction 
and high yields of the desired products 
are obtained. The boron oxide coating 


| of the vessel can be reactivated by con- 





tacting its surface with an aqueous boric 


_acid solution and subjecting the thus 


contacted surface to an elevated tem- 
perature. 


U.S.P. 2,435,245. Stabilized Polymers of 
Ethylene. D. E. Strain to E. I. du 
Pont de Nemours & Company. 

The material according to this patent 
consists of a normally solid homopoly- 
mer of ethylene and 0.001-5.0 percent by 
weight of diphenylamine-acetone co™ 
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One of a series of messages to help you increase your understand- 


ing of business paper advertising, and its effect on your business. 


Ever hear of a salesman 
who knew how to sew? 


_ THERE WAS a young salesman who took a 
job with a company that makes electric blankets. 
He figured he could sell those blankets a lot better 
if he knew how to make one. 

So he spent enough time in the factory to learn 
every step in their manufacture—cutting, wiring, 
sewing and all. The experience proved so valuable 
that today the company requires every salesman to 
make one of the blankets he sells. 

That sounds like such a good idea that maybe it 
could work both ways. Let the production man learn 
something about how they sell what he makes. The 
result should be a better job in both departments, 
for producing and selling have one important thing 
incommon. Both thrive on mechanization. 

In the manufacture of a sale, for example, it 


usually takes five separate opérations to find a pros- 
pect and convert him into a customer. To expect the 
salesman to perform all five would be like manu- 
facturing the product itself entirely by hand—slow 
and far too costly. 

So the salesman depends on a machine to take 
over part of his selling job. Finding prospects, 
arousing their interest, creating a preference for his 
company’s product or service—all these operations 
must be mechanized if sales are to be manufactured 
at a profit. 

Advertising is the machine that puts selling on a 
mass production basis. And in the business press— 
with its tremendous concentration of hand-picked 
readers—the machine operates at its highest effi- 
ciency. 


Just how efficiently does business paper advertising work? If you'd like to see 
some examples, we'll be glad to send you g recent ABP folder on actual results. 


® PETROLEUM REFINER 


Specialized for the Oil Refining Industry, including Petro-Chemical Engineering, 
Petroleum Synthetics and Natural Gasoline 


Perroteum REFINER is one of the 129 members of The Associated 
Business Papers, whose chief purpose is to maintain the highest stand- 
ards of editorial helpfulness—for the benefit of reader and advertiser 


alike, 
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euerful! 


EFFECTIVE! 


Airetool’s New Geared Cleaner No. (C-325 


FOR CLEANING HEAT EXCHANGER AND 
CONDENSER TUBES FROM %” TO 212” 1.D. 


Use this cleaner for thorough, fast work —— even when 
tubes are completely closed with scale. The powerful 
motor operates up to 800 RPM . . . making this cleaner 
ideal for conditions that require low speed and extreme 
power. Additional features include built-in flushing 
system, convenient handle contro! valve, and a muffler 
that does not reduce power. 

For further information, write 

The Airetool Manufacturing Company, 

316 S$. Center Street, 

Springfield, Ohio. 


AIRETOOL SMALL 
TUBE CLEANER DRILLS 





“a 
NCAIRETOOL 


MANUFACTURING COMPANY 





SPRINGFIELD, OHIO 





For use with geared or direct 
drive cleaners 


a. B-Special Drill 

b. Reamer 

¢. Straight Flute Drill 
d. Twist Flat Drill 


N. Y. OFFICE: 50 Church St., New York 7, N. Y. 


There’s an Airetool Tube Cleaner and 


Expander for every type of tubular construction! 


See our dispjay at Tulsa, Okla. during the 1948 International Petroleum Exposition. 








densation product. The ethylene poly. 
mer is stabilized against degradation by 
the additive. 


U.S.P. 2,435,403. Cyclic Alcohol 
their Preparation. R. C. orvts = 
T. W. Evans to Shell Development 
Company. 

Butadiene or another conjugated diole. 
fin is reacted with methyl vinyl ketone 
in the vapor phase to form a cyclo. 
hexenyl methyl ketone. This product js 
hydrogenated to a cyclohexyl methy| 
carbinol. 


U.S.P. 2,435,524. Making Acetylenic 
Alcohols and Intermediate Formed 
therein. C. Weizmann to Polymeriz- 
able Products, Ltd. ; 
Acetylenic hydrocarbons are inter- 

acted with aldehydes or ketones at tem- 

peratures not substantially above 0° C. 

in the presence of a suspension of a 

fluent reaction vehicle comprising 4 

finely divided alkali metal hydroxide 

with a substantially larger amount of a 

water insoluble organic liquid containing 

in its structure two ether-forming oxy- 
gen atoms and having the formula ~ 


tte dead 
R*‘/ \OR’ 


or 
. = 


t | 
R*—-C——C—_R* 


| | 
OR* OR? 


| in which R* and R? are alkyl groups and 


R® to R* are hydrogen atoms or alkyl 
groups. This organic liquid has a bop. 
substantially above 100° C. A chemically 
saturated acetal, a ketal, or a dialkyl 
ether of an ethylene glycol can, for ex- 
ample, be employed as such liquid. The 
activity of KOH, or the like, in promot- 
ing the reaction of acetylenes with alde- 
hydes or ketones is markedly increased 
by the use of such organic solvents 
Acetylenic alcohols are obtained. 


U.S.P. 2,435,544. Method of Nitrating 
Organic Compounds. V. R. Kokatnur 
to Autoxygen, Inc. 

Hydrocarbons such as benzene, tolu- 

ene, or naphthalene, are mixed with a 


| nitrating agent, e.g. HNOs, and a water 


immiscible inert diluent, e.g. a saturated 
petroleum hbydrocarbon with a b.p. of 
100-120° C., capable of forming an azeo- 
trope with water. The amount of the 
diluent shall be sufficient to remove any 
water present in the mixture and also 
any water evolved by the reaction, and 
the azeotrope shall be vaporizable at the 
temperature and the pressure conditions 
of the reaction. m-Dinitrobenzene, trini- 
trotoluene, and nitronaphthalene can, for 
example, be produced by this process. 


U.S.P. 2,435,545. Process for the Produc- 


tion of Mercaptans. J. P. Lyon to 

Phillips Petroleum Company. 

A mixture of olefins and HS is passed 
over a silica gel catalyst promoted by 
an oxide of a metal of groups IIIB and 
IVA of the periodic system under 
mercaptan-forming conditions. Constant 
conditions of pressure, flow rate and con- 
centration of reactants are maintained 
and the temperature is gradually 1 
creased during the reaction period to 
maintain a constant mercaptan-sulfur 
content in the effluent. Optimum selec 
tivity of the catalyst toward the torma 
tion of mercaptans corresponding to the 
olefins charged is thereby obtained while 
the formation of lower-boiling mercaP- 
tans is excluded. 
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LITERATURE 


FOR COPIES OF MANUFACTURERS’ LITERATURE OR MORE INFORMATION ON PRODUCTS DESCRIBED 


ON THESE PAGES, 


|—Air Motor Stirrer 


The Emil Greiner 
Company, 161 Sixth 
Avenue, New York 
City, has developed a 
revolutionary new 
type of air motor 
stirrer, the “Mix- 
aire,” that achieves 
variable speed from 
0 to 6000 rpm, and 
can replace electric 
motors in 0 to 1/6 hp 
range. This new de- 
vice cannot explode 
under any conditions, 
does not generate 
sparks, and more 
than meets all safety 
requirements. Rec- 
ommended for pres- 
sures below 100 
pounds, the Mixaire’s 
variable speed can be 
instantly increased or 
decreased by adjusting the valve on the 
air supply. Also, with four vanes acting 
in each revolution, the Mixaire will start 
from any position, and run at moderate 
speeds as low as 100 rpm without stall- 
ng. Among the Mixaire’s other advan- 
tages are compact size (only 2% inches 
in diameter) and weight of only 3 
pounds. The Mixaire is supplied com- 
plete with pulley and chuck for shafts 
up to %-inch diameter, nickel-plated 
stirrer, 9-inch shaft, and 2-inch diam- 
eter propeller. 














2—‘Artistic’’ Sprinkler 


Grinnell Company, Inc., of Providence 
l, R. L, announce a new product, the 
Grinnell quartzoid ceiling sprinkler 
which is fed by concealed piping which 
_ the finest in fire protection avail- 
able where the architect and interior 
decorator have created artistic surround- 
ings." Nothing but the deflector sup- 
ported by its arms and the Quartzoid 
bulb show below the smooth ievel of 
the ceiling. Temperature at the ceiling 
over a starting fire only has to reach 





Quartzoid Ceiling Sprinkler 
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USE THE NUMBER SHOWN FOR EACH 


135° F. to burst the Quartzoid bulb, 
release the water, and begin extinguish- 
ing the fire. This is 30° F. lower than 
the rating for conventional fusible 
sprinklers. 


3—Cooling Tower 


To meet the demand for a “small nat- 
ural draft cooling tower that embodies 
the engineering design, balanced spray 
system and predetermined performance 
only previously available in large tow- 
ers,” The Marley Company, Inc., Kan- 
sas City 15,. Kan., has announced the 
new Series 100 tower. Features are 
lumber fabricated from heavy California 
heart redwood, all hardware galvanized, 
machined louver posts without trouble- 
some nails, bolts, or backup strips, slip- 
fit louvers that are readily removable 
and frame and girts bolted two ways to 
give maximum strength. Marley pat- 
ented bronze spray nozzles are used to 
give “maximum efficiency at the speci- 
fed gallonage.” Ask for Bulletin. 100-48. 





Sanding Disc Backing Pad 


4—Sanding Disc Backing Pad 


A new Spiralcool backing pad for 
disc sanders, produced by The Pratt 
Manufacturing Company, Inc., 614 East 
Madison, Fairmount, Ind., is made of 
layers of rubber reinforced with fabric 
and securely bonded to a slotted iron 
hub. The slots: in the hub forces air 
through to the back of the sanding 
disc, keeping it cool. The forced draft 
action through the spirals on the pad 
tends to keep the abrasives clean, The 
pads, being made of rubber, allow 
greater flexibility in working various 
shapes and contours without the danger 
of gouging the work, and provides 
greater contact area of the disc. 


ITEM AND THE ADDRESS LISTED 


5—Boiler Feed Pumps 


Jacuzzi Bros., Inc., 
Richmond, Calif., 
have added to their 
line of pumps a 
series of boiler feed 
pumps especially de- 
signed for pumping 
hot water and for 
other installations 
requiring high water 
pressure. These mul- 
ti-staged centrifugal 
pumps are said to 
be the first boiler 
feed pumps to be 
produced in a verti- 
cal design. This cuts 
to a minimum floor 
space requirements 
and does away with 
the need for special 
foundations or flex- 
ible couplings. The 
new pumps have 
" only one moving 
“= part and no close 

clearances. Standard 
units vary in size from ™% to 20 hp. and 
in addition the firm will make custom- 
built pumps for specific requirements: 
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6—Socket Wrench Attachment 


—Socket Wrench Attachment ‘ 
Any ¥%-inch drive socket wrench han- 
dle or attachment can be converted into 
a ratcheting device with a new tool, 
known as the “Ratchetor,” announced 
by Plomb Tool Company, Los Angeles 
54. The tool has a %-inch square plug 
with ball-check for holding a socket 
wrench, a %-inch square opening for 
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PRITCHARD’S New Gas Treater 


the SULPHURSORBER™ 


Converts SOUR GAS into 
USABLE FUEL 


ELTA | in. any quantities, 
sae 


If you want “sweet” gas at an isolated field loca- 
tion or want to treat large volumes at a central plant, 
Pritchard’s Sulphursorber is the answer. These hy- 
drogen sulphide removal units of the amine type 
deliver gas of any specified purity, regardless of 
how sour it may come from the well. Available in 
fully automatic, compact, portable design in a wide 
range of capacities, Sulphursorbers eliminate the 
daily servicing and hauled-in materials required by 
other gas sweeteners. 


Pritchard | installations employing the 
same perfected principles in large-scale per- 
manent plants are equally economical. In- 
vestigate the many Pritchard projects which 
have been operating over long periods of 
time and put this qualified team of vet- 
erans to work on your own gas problems, 
dehydration and cleaning as well as desul- 
phurization. Pritchard offers not only the 
equipment developed from thorough expe- 
rience but also the organization and facili- 
ties to design and construct for any 
requirements. 

*SULPHURSORBER is a registered 


trade name for gas purification equip- 
ment produced by J. F. Pritchard & Co. 


EQUIPMENT DIVISION 
908 Grand Ave. @ Kansas City 6, Mo. 


Pritchard 


ENGINEERS * CONSTRUCTORS ¢ MANUFACTURERS 








insertion of a handle or attachment, and 
a reversible ratcheting mechanism, It js 
built for high torque-strength—yet com. 
pact for ample clearance. A ball- -type 
thrust bearing and light spring tension 
is said to result in very little back drag 


7—Proportioning Pumps 

Lapp Insulator Co., Inc., 730 Maple 
Street, Le Roy, N. Y., has announced a 
new line of Pulsafeeder proportioning 
pumps. Designated as CP models, the 
new series is said to provide greater 
capacities, higher pressure operation and 


rugged assembly for accurate feeding, 
The pump, a combination piston-dia- 
phragm unit, provides the accuracy of 
positive piston displacement and meas- 
ured feed, while at the same time incor- 
porating the diaphragm pump advan- 
tages of elimination of stuffing box, and 
isolation of chemical from pump parts 
They are micro-adjustable over the en- 
tire capacity range while the pump is 
in operation, Four sizes are available 
ranging up to 330 gph. Ask for Bulletin 
262. 


8—Gas Temperature Indicator 


Fairchild Camera & Instrument Cor- 
poration, 88-06 Van Wyck Blvd., Ja 
maica 1, N. Y., has announced Unit 263 
laboratory gas ‘temper rature indicator for 
measuring gas temperatures to 5000° F 
Insertion of a probe into the gas stream 
and operation of a single control valve 
on the instrument case is all that is re- 
quired to obtain gas temperature meas- 


Gas Temperature Indicator 
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NO 
BONNET 
JOINT 


COLLLLLLLL 


NO 
SEAT 
INSERT 
JOINTS 





Three joints less! 


EF‘ of these three joints in the conven- 
tional gate valve design is a potential 


source of leakage. There are no joints in the 


Hancock WELDVALVE! 


There is no bonnet joint in the Hancock 


WELDVALVE, because it has no bonnet. 


There are no seat insert joints, because the 
super-hard cobalt-chromium faced seats are 
integral with the valve body and never need 
to be replaced. Excess handwheel pressure to 
align distorted seating surfaces is not necessary 


for WELDVALVE tightness, because the align- 


«e 


ment of the angle of the seats with the 


Brinell’’ stainless steel wedge is finished to exact 


dimensions before assembly. 


Designed for 800# at 750° F or 2000# at 


inclusive. 


100° F, Sizes 4%" to 2” 





Stocked and sold by leading Distributors every- 
where. Write to them or to us for full information. 








MAXWELL 


MANNING 
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TRADE MARK 


A Product of 


MANNING, MAXWELL & MOORE, INC. 
WATERTOWN 72, MASSACHUSETTS 
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Every year when the warmest weather comes in 
July and August, we have several frantic appeals from 
production men in petroleum and process industries 
for CHILL-VACTOR equipment to maintain proper tem- 
peratures in certain solutions, in chilled water for air 
conditioning, for chilling various reaction vessels, and 
for special cooling requirements. 

The Croll-Reynolds CHILL-VACTOR is one of the 
most dependable and efficient units available for cool- 
ing requirements in the range above 32° F. While there 
are a great many outstanding advantages, there are 
a few limitations. In recent years the miost serious one 
seems to be the fact that these units are not made in 
quantity and available for immediate shipment. While 
they are mostly made from standard parts, each unit 
is custom built to a certain extent in order to provide 
maximum dependability and efficiency under indi- 
vidual operating conditions. 

Under present manufacturing schedules, it requires 
approximately three months to design, build and ship 
a complete CHILL-VACTOR unit. This means that im- 
mediate action is advisable for those who want to be 
ready with new cooling capacity for the next warm 
weather season. 

The Croll-Reynolds CHILL-VACTOR has no moving 
parts other than a standard chilled water circulating 
pump. Water is the only refrigerant. Maintenance and 
repair costs are therefore practically nil. Operating 
costs are usually less than for other types of refriger- 
ating equipment where ample condenser water is 
available. Inquiries on this type of equipment will 
receive the careful attention of engineers with many 
years specialized experience in this field. 


a 


ill 
REY NOLDS 


CROLL-REYNOLDS CO. 


17 JOHN STREET, NEW YORK 7, N. Y. 
CHILL VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 
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MURRAY TYPE- 


SINGLE STAGE TURBINES 


0 
27 
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Mechanical constant speed gover- 
nor completely enclosed and fully 
lubricated. Heavy cast housing, 
removable for inspection. Provision 
for tachometer reading, by remov- 
ing end plug. 


Double seated balanced stainless 
steel governor valve, with stainless 
steel renewable seats. Corrosion 
resisting steam strainer ahead of 
control valves. 


Separate emergency overspeed 
butterfly trip valve actuated by 
unbalanced weight type emergency 
overspeed governor. 


Stainless steel blading’ and shroud 
band. Nozzles drilled and reamed 
in replaceable nozzle ring. 


ANICAL DRIVE 

















Carbon ring glands, stainless steel 
springs, corrosion resisting gland 
cases. Cast in leakoff reduces pipe 
fittings necessary. 


Tapped hole in shaft end facilitates 
drawing on coupling. 


Bearing seals effectively retain oil 
and exclude dirt and moisture. 


Casing split at centerline allowing 
inspection without disturbing align- 
ment or steam connections. 


Sleeve type babbitt lined bearings 
with split oil rings, easily removable. 
Babbitt thrust faces against collars. 
Inspection covers and flush level 
glasses included. Water cooling 
always furnished. 


FOR DEPENDABILITY, SPECIFY A MURRAY TURBINE 
Bulletin T-121 gives complete details. Write for your copy today. 
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Requests for manufacturers’ |it- 
erature get prompt replies when 
you identify each item by num- 
ber and name listed in Petroleum 
Refiner. 
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IRON WORKS COMPANY 


BURLINGTON, IOWA 
Builders of Steam Power Equipment for Three Quorters of a Century 








urements. Accuracies of 1 percent are 
guaranteed up to 2000° F. In the 2009- 
5000 degrees F. range, reproducibility of 
plus or minus 2 percent is guaranteed. 
The basic Fairchild pneumatic gas tem- 
perature system, the heart of this new 
instrument, is a form of gas thermome- 
ter and utilizes the density of the gas 
being measured as a direct indication 
of temperature. 


9—Valve Controls 


Shafer Valve Company, Inc., of Mans- 
field, Ohio, announce a full line of valve 
controls for the handling of steam, wa- 
ter, oil, gas and air. These controls, ac- 
cording to the manufacturer, extend 





valve life, provide efficient control for 
high or low pressures and temperatures 
and may be set for fast or slow opera- 
tion. Both electrically and manually 
operated controls are available in a full 
line of sizes. 


10——Lightweight Torch 


Victor Equipment Company, 844 Fol- 
som Street, San Francisco, has an- 
nounced its model 3401 “four-in-one” 
torch for light brazing or soldering 
operations. It can be used with any 
practical fuel gas, in combination with 
compressed air or oxygen. Needle valves 
are conveniently located for finger tip 
control and the parallel grip may be 
easily clamped in a small vise or special 
fixtures, It is furnished with three tips 
and a 4-way wrench: 


11—Welding Gloves 


Air Reduction Sales Company, 60 
East 42nd Street, New York 17, has 
added cowhide welding gloves to its 
line of welding supplies and equipment. 
The gloves are made of medium weight, 
chrome tanned cowhide with a one piece 
leather back employing the wing-type 
thumb construction and fabric-lined cuff. 
Exposed seams across the back of the 
glove have been eliminated thereby min- 
imizing the possibility of cuff separation. 
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12—Packless Valve 


A new type packless valve announced 
by Fulton Sylphon Division of Robert- 
shaw-Fulton Controls Company, Knox- 
yille, Tenn., is termed the “No. 3000 
series, and incorporates a seamless 
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metal Sylphon bellows which forms a 
leakless connection between the valve 
disc and the valve body. Thus no main- 





tenance is required to keep the stem | 


seal tight against leakage. The bodies 
come in bronze, cast iron, cast steel 
Monel metal, or stainless steel. The 
Sylphon bellows is available in either 
stainless steel or Monel, and can alsc 
be supplied in a variety of other metals 
including phosphor bronze and _ brass. 
The valves are made in sizes %-inch up 
to three inches with screwed, welded 
or flanged ends. 


13—Fire Protection 


_American-LaFrance-Foamite Corpora- 
tion, Elmira, N. Y., has developed a 
completely new carbon dioxide fire ex- 
tinguishing system for Class B and C 


risks requiring localized or total flood- | 
ing and tor rotating units requiring a | 


sustained discharge of 


COs. Automatic | 


sounding of alarm and then automatic | 
cutoff of power units, window and door | 


closings precede discharge of the chem- 


ical. The unit is flexible, it being possi- 


ble to add cylinders should a risk be 
increased. 


14—Face Shield 


American Optical Company, South- 
bridge, Mass., has announced a new 
plastic face shield specially designed to 


be worn in combination with the com- | 
panys R-1000 and R-2000 respirators. | 


ight in weight, durable and easy to at- 
tach to the respirators, this shield pro- 





For free copies of manufacturers’ 
literature or more information 
about new equipment featured 
in Petroleum Refiner, simply 
identify the product by name 
and number. 
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Face Shield for Respirator 
tects the eyes and major part of the 
face against the impact of foreign parti- 
cles striking from the front. Outer edges 
of the shield are protected by a vinyl 
plastic binding. The shield may be worn 
over regular prescription glasses. 


15—Roof Fastener 


New type roofing fasteners have been 
placed on the market by Keasbey & 
Mattison Company, Ambler, Pa. The 
customary expense of scaffolding and 
workmen beneath the roof are entirely 
eliminated because the whole installa- 
tion is completed from the roof surface. 
In addition, cementing bolt heads is 
not necessary because of lead covering 
tabs which permanently weatherproof 
each “Top-Side” fastener, the manufac- 
turer points out. It also provides for 
movement between steel frame and the 
asbestos corrugated roofing. 


16—Electrode 


A new Airco No. 387 all-position arc 
welding electrode for welding of mild 
steel has been developed by Air Reduc- 
tion Sales Company, Department 1815P, 
60 East 42nd Street, New York 17. Of 
the E 6012 class, the bead is smooth and 
of proper contour, “excellent operating 
characteristics” are obtained on ac or dc 
and it operates most satisfactorily in all 
positions, especially when welding ver- 
tically down. This electrode is available 
in 44, 5/32, 3/16 and %-inch diameters. 


17——Template Guide 


Rapidesign, Inc., Box 592, Glendale, 
Calif., announces the new No. 47 instru- 
ment symbols template, particularly 
adapted to layouts where liquid level, 





Instrument Symbols Template 


differential pressures and flow instru- 
ments are used. Schematic diagrams of 
recorders, indicators, controllers, valves 
manometers and liquid level controllers 
are included. The template, 5 x 8 inches, 
is made of clear, .040 mathematical-qual- 
ity plastic with printing on reverse side. 


Cut outs are beveled and the template 
has a 90 degree protractor and a dotted 


line radius guide. 


18—Cryostat 


Experiments at —456° F. are possible 
by means of the Collins helium cryostat. 
After Dr. S. C. Collins’ (Massachusetts 
Institute of Technology) first Cryostat 
was completed in 1946, Arthur D. Little, 
Inc., industria] research organization, 
Cambridge 42, Mass., developed a de- 
sign which could be operated by labora- 
tory technicians. The Cryostat liquefies 
helium gas, just as the household re- 
frigerator liquefies Freon, sulfur dioxide 
or other refrigerant. The cold space of 
the Collins Helium Cryostat and part of 
the refrigerating equipment is contained 
within a steel vacuum jacket 12 inches 
in diameter and about five feet tall, 
which is housed within a cabinet meas- 
uring about three feet by two. Other 
equipment includes a_ten-horsepower 
compressor and a low-pressure gas 
holder. The complete unit weighs about 
2800 pounds and occupies less than 50 
square feet of floor space. 


19——Tally Board 


An electrically illuminated tally board 
called the “Tally-Lite,” which throws a 
clear light on tally sheets for speeding 
checking and entering where there is 
little or no light, has been announced 





by Clyne Manufacturing Company, 2619 
Collerain Avenue, Cincinnati 14, Ohio. 
The unit is compact, sturdy and fits 
comfortably in one hand, leaving the 
other hand free for entries. The entire 
unit with three standard flashlight bat- 
teries weighs only 24 ounces. 


-20——Laboratory Kit 


Fischer & Porter, Hatboro, Pa., have 
announced a new laboratory kit (rota- 
meter type), “a versatile and inexpen- 
sive flow measurement set to meet the 
varied flow measurement requirement 
of the research lab.” It consists of a 
unique metering tube holder with base 
plate and hose connectors, four readily 
interchangeable tubes and six metering 
floats complete with calibration data. 
Capacities from 0.065 to 2200 cc/mm of 
water and 5.0 to 36,800 cc/min of air 
are covered. 


Laboratory Kit (Rotameter Type) 


21—Recording Wattmeter 


A new photoelectric recording watt- 
meter designed for such applications as 
analyzing welding circuits and measur- 
ing industrial heating load, motor-start- 
ing load, and power surge has been an- 
nounced by the meter and instrument 
divisions of General Electric Company, 
Schenectady 5, N. Y. Consisting of a 
high-speed photoelectric recorder and a 
newly designed wattmeter measuring 
unit, the new instrument can be used to 
measure dc power or ac power up to 
10,000 cycles per second. The wattmeter, 
which has a linear scale, is available for 
portable use or for semiflush mounting. 
Chart speeds of a half inch per hour 
up to 72 inches per minute can be ob- 
tained by using different combinations 
of chart carriages and rate gears. 


22——Fluid Catalyst Filter 


Micro Metallic Corporation, 193 Brad- 
ford Street, Brooklyn 7, announces avail- 
ability of filters designed for use in 
fluid catalyst pilot plant installations. 
The filters are fabricated from “Micro 
Metallic” porous stainless steel sheet 
¥-inch thick. The pressure drop through 
the filter elements is very low and the 
filter elements appear not to plug up 
with time even when used with the 
finest catalyst, the manufacturer reports. 
The filter cake is discharged instantly 
from the whole surface upon applica- 
tion of the blowback pressure. 


23—Chemical Pump 

The “constametric,” an original type 
of chemical pump, has been announced 
by Milton Roy Company, 1315 East 
Mermaid Avenue, Philadelphia 18. It 1s 
a piston type pump developed especially 
to handle liquids in precisely controlled 
volume, to deliver at a constant rate ol 
flow (without pulsation), and to pump !n 
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“Constametric” Pump 





in gas-firing immersed tubes for heating 
water, oils and other liquid solutions.” 

The “coil cages” are furnished sepa- 
rately, or in ready-for-installation assem- 
blies, complete with mixers and associ- 
ated equipment. Ask for Bulletin 1C-1. 


26—Hand Power Cutters 


H. K. Porter, Inc., Somerville, Mass., 
has redesigned its line of hand power 
cutters. Improvements include curved 
toe-in handles which decrease armspread 
and wrist bend making an easier and 
stronger pull, broad rounded palm-fit 
grip which reduces fatigue, no protrud- 
ing screws or bolts to catch, metal 
safety handle stop, 30 percent greater 
tool strength in sections and handles, 





When writing the manufocturer 
of new equipment for literature 
or more information identify his 
product by name and number 
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and type of metal safety cut, and red 
color finish, 


27—Vertical Turbine Fire Pump 
Vertical turbine fire pumps, manufac- 
tured by Peerless Pump Division of the 
Food Machinery Corporation, 301 West 
Avenue 26, Los Angeles 31, has received 
full approval by Underwriters’ Labora- 
tories and other agencies. This type of 





minute quantities, down to as little as 75 
ml. per hour as a maximum for an indi- 
vidual pump. 

The company calls attention to the 
flexibility of the unit, the use of inter- 
changeable gears to vary capacity, and 
the availability of various corrosion re- 


























e) sistant materials for liquid ends. The 
pump will be in production in six to 
eight months. 

g watt- 24—Torque Control 

tions as 

measur- Eclipse-Pioneer Division, Bendix Avia- 

yr-start- tion Corporation, Teterboro, N. J., has 

een an- announced development of a remote 
trument torque control system, that ,provides an 
mpany, electrical means for either manually or 
iz of a automatically transforming a very weak 

r and a motivating force into control of a pre- 

asuring determined operation at a remote loca- 

used to tion with a high degree of accuracy. The 

up to torque system comprises three units: a 

tmeter, transmitter Autosyn (synchro), a torque 

ible for unit and an amplifier. The position of 
unting. the Autosyn rotor shaft determines the 
hour position of the torque unit output shaft. 
be ob- The Autosyn shaft can be set manually 
nations or by elements sensitive to pressure, 
temperature, humidity, volume, etc. The 
amplifier supplies the. controlled power 
required to operate the torque unit. Ask 

: Brad- for Bulletin 711-21. 

S avail- 

aoe te 25—Gas Burner Units 

a Newly-engineered immersion heating 

deal burner assemblies are announced by the 
pone eanetrial division of Bryant Heater 

i 0 On 1020 London Road, Cleveland 

ug up : Ohio. The assemblies involve scien- 

- de tifcally-designed spacer cages which 

; “sure the entrainment of the required 
eports. amounts of secondary combustion air 
stantly se 
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jaws plainly marked showing capacity vertical turbine fire pump is said to be 
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ODAY'S PROCESSING 


DEMANDS LOW COST 
WATER SUPPLY 


Refiners faced with many added processing op- 

erations are in need of more—and lower cost water. 

Old, low efficiency systems are eating heavily into 
‘Y profits and production is often being retarded. The 
way to change the situation is to install a Layne 

well water system and thus obtain larger quantities 
of water at lower cost. Layne well water systems 
are world famous for high efficiency, low operation 
cost, dependable service and long life. Once in- 
stalled according to Layne standards, there is little 
or no upkeep cost. For literature, address Layne & 
General Offices Memphis 8, Tenn. 


Layne well water systems are 
designed and built in capacities 
from several thousand up to 
many million gallons daily. In- 
stallation may be of the all 
weather type requiring no hous- 
ing. Controls are completely au- 
tomatic. Flow may be direct into 
the mains or to elevated tanks. 


JAYNE 


WELL WATER SYSTEMS 
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Bowler, Inc., 
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@ By the very nature of their service, check valves must be 
dependable. That Lunkenheimer Check Valves provide 
this service is proved by innumerable installations, in 
plants large and small. 


Let’s consider, for example, the Lunkenheimer Swing 
Check Valve. Among other features, every Lunkenheimer 
Swing Check Valve is equipped with two renewable side 
plugs. Normal carrier pin wear can be compensated for 
easily. Recognized by leading valve users as remarkably 
trouble-free, Lunkenheimer Check Valves provide posi- 
tive reverse-flow pro- 








of LUNKENHEIMER 


tection over a much 
longer, lower-cost serv- 
ice life. 


More than 96 types 
Valves 


Available in sizes and material 


ry service require- 


Your Lunkenheimer 
Distributor has a stock of 
Check Valves for your 
needs. Call on him for 
your original equipment, 
replacement, and repair 
valve requirements. 


to meet eve 


ment. 


- p 
From small Bronze 125 lb. S.P. 
atterns for 


to massive steel pa y= 
pressures Up to 2500 lb. 5-F. 


Lunkenheimer Check \ alve 
are described and illustrated in 


Circular Number 588. Ask your 
y or write 


ESTABLISHED 1862 





—"QUALITY’=— 
CINCINNATI 14, OHIO. U.S.A, 


NEW YORK 13 CHICAGO 6 
BOSTON 10 PHILADELPHIA 34 


Distributor for a cop 


direct. 
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THE LUNKENHEIMERSS 


EXPORT DEPT, 318-322 HUDSON ST.. NEW YORK 13. N. ¥. 











virtually impervious to deterioration, per- 
mits installation in minimum floor Space 
and allows an extremely simplified dis. 
charge piping layout. They are available 
in capacity ranges from 500 to 2009 
gpm. to operate against heads from 249 
to 285 feet. Buyers have a choice of not 
only oil or water lubrication but also 4 
choice of drives, either electric or right. 
angle gear drive, or steam turbine drive 
Ask for Bulletin B-152. 


28—Fork Lift Accessory 


A new fork lift truck accessory, the 
“Multiple Drum Carrier,” has been de- 
signed by Trayner-Reinhart, 1627 Wijl- 
low Street, Oakland 7, Calif. Towmotor 
Corporation, 1226 East 152nd Street, 
Cleveland 10, Ohio, has been licensed to 
manufacture the carrier under the trade 
name “Towmotor Multiple Drum Car- 
rier,’ whereas Trayner-Reinhart will 
market it under the trade name of 
“Tray-Hart Multiple Drum Carrier.” 
The accessory is said to provide safe, 
easy and fast handling of 1-2-3 or 4 
drums, by means of specially-designed, 
hydraulically-operated gripping shoes, 
mechanical and gravity action providing 
a strong, positive grip. Combined with 
Towmotor’s high-stacking ability, the 
multiple drum carirer also facilitates 
stacking of drums as well as loading 
operations. 





Multiple Drum Carrier 
29—Lubricant and Compound 


Masters anti-acid lubricant and Mas- 


ters metallic compound have been aa- 
nounced by James K. Harbinson & 
Company, Inc., 70 West Chippewa 
Street, Buffalo 2, N. Y. The lubricant, 
when worked into packing fibers, 's 
said to prolong the useful service life 
of the packing while the metallic com- 
pound is a thread dope which was “de- 
veloped to protect threads in all types 
of service to prevent them from boné- 
ing or galling so that after extende 
service the nut may be removed with 
out difficulty.” 


30—Valve Positioner 


A cam-operated positioner 
feature of a new diaphragm mot 
of the disc or butterfly type announce® 
by R-S Products Corporation, Philadel- 
phia 44.. Excellent control of flow char- 
acteristics is said to be attainable by 
simply changing cams in the field on the 
cam-operated positioner, which, 1" a 
fect, adds to the normal functions 0! tne 
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CHARACTERIZED CAM 











BUTTERFLY VALVE 

















Hook-Up of Cam-Operated Valve 
Positioner Installation. 


disc type valve. The desirable character- 
istics of a straight line, semi-log curve 
(V-port), ratio plug valve, throttle plug 
valve, linear, or almost any other special 
characteristics to suit individual process 
requirements, are claimed within the 
range of the new positioner. 


3]—Programming Control 


Fireye programming control type 
24PJ8, manufactured and sold by Com- 
bustion Control Corp., 77 Broadway, 
Cambridge 42, Mass., is designed to pro- 
vide automatic starting and program- 
ming control for commercial and indus- 
trial oil burning equipment. It is used 





with photoelectric flame failure scanner 
‘ype 45PHS which protects the oil burn- 
ing installation from the hazard of flame 
failure. The control automatically starts 
a burner in operation and programs a 
Sequence of fuel valve opening, post- 
ignition time, priming, and scavenging. 
Palletin CD4751 describes the equip- 
ent. 


32—End Seamer 


A new high-speed automatic end 
‘amer for square and irregular-shaped 
“ans has been announced by Lima- 
Hamilton Corporation, 60 East 42nd 
Street, New York 17. 

[spilled | the Hamilton-Kruse Model 

: ) this is a completely automatic four- 
= unit with four round rollers on 
~ head. In operation, the cans remain 
ationary on the base plates during the 
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Requests for manufacturers’ lit- 
erature get prompt replies when 
you identify each item by num- 
ber and name listed in Petroleum 
Refiner. 











seaming. It is equipped with automatic 
body and end feeds, a complete set of 
seaming parts, and its own motor and 
control. Its features also include low 
speed heads, exceptional ease of adjust- 
ment, and automatic lubrication. 


33——Electric Etcher 


Anything made of steel, iron or their 
alloys, can be easily marked with a new 
electric etcher manufactured by Ideal 
Industries, Inc., Sycamore, Ill. Named 
the “Universal” model, the unit is in- 
closed in a streamlined, metal case for 
ready portability. When opened, the 
cover forms a work plate. The etching 
tool does not get hot because the point 
is so mounted in the handle that cooling 
air can circulate around it. Four etching 
heats are provided, 120, 240, 420 and 
700 watts. 


34—Tube Cleaner 


A geared tube cleaner, (No. CC-325), 
has been developed by Airetool Manu- 
facturing Company, 316 South Center 
Street, Springfield, Ohio, for removing 
extremely bad scale in heat exchanger 
and condenser tubes % to 2% inches i.d. 








New Geared Tube Cleaner 


It is said to be particularly effective 
where conditions ‘require low speed and 
extreme power. The motor operates up 
to a maximum of 800 rpm and will 
clean tubes. even though completely 
closed with scale. Various types of drills 
are available for use with this cleaner. 
Ask for Bulletin 40. 


36—Recording Mass 
Spectrometer 


A new recording mass spectrometer 
capable of measuring over the mass 
range from 1 to 350 and adjustable to 
any portion of that range, has been 
announced by General Electric Com- 
pany, Schenectady, N. Y. This instru- 
ment incorporates the control and sta- 
bility features ~which have made the 
mass spectrometer a practical method 
for the chemical analysis of gases and 





35—Seal for Process Pumps 


A new type of me- 
chanical seal (Type 
RR) for process 
pumps has been an- 
nounced by Flexibox 
Ltd., a member of 
the M. O. R. group 
of companies, 10 
Dover Street, Lon- 
don, W. I., England. 

The seal fits inside 
the conventional stuf- 
fing box and does not 
entail major altera- 
tions to the pump. 
The usual hard-faced 
shaft sleeve is re- 
placed by a stainless 
steel sleeve (8) anda 
static seal (9) serves 
to prevent quenching 
water finding its way 
under the shaft 
sleeve (8). 

A unique feature of 
the RR seal is the 
patented spring drive. 
The stainless steel 
spring (7) is an interference fit on the 
thickened portion of the shaft sleeve 
(8) at one end and on the rotary seal 
ring (5) at the other end. In addition, 
the sense of winding of the coils of this 
spring is such that, in operation, it 
tends further to increase its grip. Con- 
sequently, the rotary seal ring (5) is 
driven positively yet resiliently and the 
static seal (6) is not subjected to fric- 
tional wear. It is claimed by the manu- 
facturer that prolonged tests with vari- 
ous designs of seals have shown erratic 
behaviour to be due, in most cases, to 
side thrust transmitted to the rotary 
seal ring by driving pegs, screws, 
tongues, etc. The spring drive incor- 
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1 APi CONNEC TION FOR 
CIRCULATING LINE-A~ 


CONNEC TION 


Seal Type RR for oil refining process pumps. 1-Stationary seal ring; 2- 
cover seal; 3—cover assembly; 3a—cover; 3b—pin; 4—joint ring; 5-rotary 
seal ring; 6—sleeve seal; 7—spring; 8—shaft sleeve; 9-shaft seal. 


porated in the RR seal is said to be 
a perfect solution to this problem. 

A stationary carbon seal ring (1), is 
arranged inside the stainless steel cover 
(3A). The static seal (2) is engaged 
by a peg (3B) which prevents its rota- 
tion. : 

Two tapped holes (“A”) are con- 
nected to the discharge and suction 
sides of the pump respectively, thus pro- 
viding effective circulation of the pumped 
liquor around the two seal rings to re- 
move frictional heat and prevent the 
accumulation of sediments. A valve in 
one of these lines controls the amount 
of circulating liquor. 
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FATIGUE TESTS 
oF 
WELDING ELBOWS 
AND COMPARABLE 
DOUBLE-MITRE BENDS 


ev A. B.C. MARKL, CHIEF RESEARCH EnGivEce 
Tus TUANS, INC. LOUTSYILAA 1, KENTUCKY 





. 
A RESEARCH PAPER REPRINTED 
Rom 
TRANSACTIONS 
on Tee 
AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 











GET THIS BOOK 


Fatigue Tests of Welding Elbows and Com- 
parable Double-Mitre Bends: This research 
paper gives the authoritative pro-and-con. 
Analyzes effects of bending in the plane and 
transverse to the plane of 
curvature, and bending 
with and without internal 


pressure. Mail the coupon. 
Tuss-Turn—T. M. 


Reg. U.S. Pat. Of 


WELDING FITTINGS AND FLANGES 


District Offices at New York, Philadelphia, Pittsburgh, 
Detroit, Chicago, Houston, Tulsa, San Francisco, Los Angeles 


Tube Turns, Inc., Dept. 3808, Louisville 1, Kentucky 


Please send “Fatigue Tests” booklet. 





vapors. Applicable to general chemical 
analysis and isotope abundance meas- 
urements, the instrument is built in two 
main units. The control unit contains the 
electronic components and recorder, 
while the tube rack houses the spec- 
trometer tube, vacuum pumps, gauges, 
sampling system, and additional compo- 
nents. Ask for GEA-4907. 


| 37—Electronic Control 


R-S Products Corporation, 
Junction, Philadelphia 44, has published 
a detailed catalog (No. 27) on its new 
relay, designed for basic 
applications in the control of liquid 
level, interface, pressure, and tempera- 
ture 


Leveltronic 


38—pH Control 


Milton Roy Company, 1315 East Mer- 
maid Avenue, Chestnut Hill, Phila- 
delphia 18, has reprinted “Automatic 
pH Control in Water and Industrial 
Waste Treatment” by Robert T. Sheen, 
the company’s consulting engineer, and 
has announced that this Technical Paper 
55 is available upon request. 


39—Heat-Medium 
Salt and Boiler 


Bethlehem Foundry & Machine Com- 
pany, Bethlehem, Pa., has available a 
folder just published which contains 
technical details and performance data 
of the Beth-Tec unit, a specially de- 
signed boiler for utilization of a new 
heat-medium salt. 


 40—Blowers 


The blower department of Elliott 
Company, Jearfnette, Pa., has issued 
Bulletin P-7, on its Type P single-stage 
centrifugal blowers using open type 
radiai bladed impellers. Shown are in- 
terior construction, packing box and 
bearing details, and performance and 
blower shaft horsepower curves. 


41—Dual Control System 


Clark Bros. Company, Inc., Olean, 
N. Y. has reprinted J. M. Sappington’s 
article “Dual Control System Synchro- 
nizes Compressor Speed - Intake Gas 
Pressure” which appeared last April in 
PETROLEUM REFINER. Sappington is super- 
intendent of the Winnie, Texas plant 
of Absorption Plant, Inc. 
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Here are the "'PRINCO" Thermometers for 
those really TOUGH 
Cases are extra heavy castings, specially 
designed for maximum strength. Frames 
and cases are BOLTED together. Glasses 
are extra heavy plate to withstand shock 
and vibration. Cases completely sealed 
against fumes and moisture. Built-in de- 
hydrator prevents fogging or condensa- 
Extra protection for mercury tubes 


service conditions 


tion 


assures maximum service life 


Available in all standard case angles and 
temperature ranges, or to your specifica- 
tion. RED READING MERCURY or Canary- 
backed tubing optional. Wide selection of 
Separable Sockets in a variety 
of materials. Write for full information 
Ask for Bulletin "E" 


Princo” 


and prices 
PRINCO ‘‘Easy-Setting” 


i 
NEW: DIAL THERMOMETERS 
5 Standard Scale Ranges 
“Easy-Access” Cases for Quick Setting 
Simplified Dial and Pointer Adjustment 
Rugged, Accurate, Bimetallic Unit 


Write for prices and additional information. 


PRECISION 


THERMOMETER & INSTRUMENT COMPANY 


PRECISION 
NSTRUMENT 


In Canada: PEACOCK BROTHERS Limited 


1417 Brandywine Street, Philadelphia 30, Pe. 
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SPARKLER 


Horizontal Plate 


FILTERS 


the CHEMICAL 


Renind 
te light aleohols 

The Sparkler Horizontal Plate 
principle insures a firm filter cake 
with no slipping or cracking. Flow 
is always with gravity. Filter media 
is floated into position to form a 
uniform filter cake of unexcelled 
stability. The patented scavenger 
piate (virtually an auxiliary filter) 
permits complete batch filtration, 
leaving no unfiltered hold over. 

Sparkler filters are equally effi- 
cient for continuous or intermittent 
Operation under a wide range of 
temperature, pressure, and viscos- 
ity conditions. Filters are engi- 
neered for built-in production line 
installations or are available in 
portable units. Standard models 
made in capacities of 50 to 5000 
G.P.H. 

We invite correspondence on 
your problems. You will receive the 
advice of engineers with a quarter 


of 2 century of experience in a 
specific field, 


SPARKLER MANUFACTURING CO. 
MUNDELEIN, ILLINOIS 


ee IT 








42—Stainless Steel Castings 


Stainless steel castings from 1 ounce 
to 2 tons, how they are made and how 
they are used is the story told in a 
booklet “A Quarter Century of Pioneer- 
ing in Stainless Steel Castings” issued 
by The Cooper Alloy Foundry Com- 
pany, Department PR, Hillside, N. J. 
Tables are devoted to analyses, charac- 
teristics and applications of standard 
alloys and also their corrosive and heat 
uses. 


43—Stainless Steel Flasks 


Unbreakable and explosion-proof vac- 
uum dewar flasks made of stainless 
steels and with a built-in radiation shield 
are described in a leaflet issued by Sci- 
entific Glass Apparatus Company, Inc., 
49 Ackerman Street, Bloomfield, N. J. 
New construction features are set forth 
and ~ new sizes listed. 


44—Voltage Control 


Electric Machinery Manufacturing 
Company, Minneapolis, Minn., has is- 
sued Bulletin 3100-PRD-192 describing 
its magnetic “Hi-Fuse” control for mo- 
tor operation and protection. Cut-away 
photographs, charts and sketches are in- 
cluded for these devices engineered to 
meet requirements for motor starting, 
for motor under-voltage and overload 
protection, and for high-voltage discon- 
nect. 


45—Air Recovery 


W. B. Connor Engineering Corpora- 
tion, 114 East 32nd Street, New York, 
16, has published an engineering and ap- 
plication data book (105-A) on its Type 
“H” “Dorex” air recovery equipment 
which is used in the “recovery” or con- 
version of stale, vitiated, or contami- 
nated air to its original freshness, either 
in order to conserve it for re-use or to 
correct exhaust and intake odor nuis- 
ances. The equipment consists essentially 
of hollow-walled cylindrical canisters 
containing specially processed activated 
carbon and a manifold or supporting 
plate in which the canisters are secured. 


46—Gas Mask Equipment 


Acme Protection Equipment Com- 
pany, 3037 West Lake Street, Chicago 
12, is releasing a series of illustrated 
bulletins presenting a wide range of 
protection equipment for use in hazard- 
ous gas and smoke atmospheres. Infor- 
mation also is provided in table form 
showing a long list of gases together 
with equipment recommended. 


47—Mechanical Atomizer 


The Engineer Company, 75 West 
Street, New York 6, has issued Drawing 
2223-B with notes, describing its me- 
chical atomizer with control for 8-to-1 
capacity range within the atomizer head. 
No returning or recirculating of hot oil 
is said to be required and high pressure 
oil is used over the entire load range. 


48—Water Treatment 


Bulletin G-1 of Liquid Conditioning 
Corporation, 114 East Price St., Linden, 
N. J., lists recent developments in the 
design of water treatment and liquid- 
conditioning equipment. Included are 


April, 1948—A Gulf Publishing Company Publication 





eee NEES you would think we 


were magicians. Our magic is 
composed of our engineering 
know-how plus our personnel in- 
itiative 722) our own shops which 
fabricate standard and special 
equipment. This formula tates 
it possible. for us to effect short 


schedules for our clients. 


PROCESS DESIGN 


MECHANICAL ENGINEERING 


FABRICATION 


ERECTION 


INITIAL OPERATION 


PROJECT 


115 FULTON STREET 
NEW YORK 7. N.Y 








tables listing various kinds of gaseous 
and solid impurities, showing the effects, 
limits of tolerance etc., and also a 
comparison chart showing chemical re- 
sults produced by various water treat- 
ment methods. 


49—Regulators, Etc. 


O. C. Keckley Company, 400 West 
Madison Street, Chicago 6, is offering 
a bulletin describing precision pressure 
regulators, temperature regulators, and 
combination pressure and temperature 
regulators, Self-Cleaning Strainers, and 
Steam Traps. Engineering tables and 
specifications are included. 


50—Stainless Steel Piping, 
Fittings 


Tables showing properties of the most 
commonly used types of stainless steel, 
are featured in a bulletin issued by John 
B. Astwell & Co., 90 West Broadway, 
New York 7. Discussed is the applica- 
tion of stainless steel pipe, tubing and 
fittings in various industries where dif- 
ferent types of corrosion are encoun- 
tered. Also tabulated are the dimen- 
sions, including wall thicknesses, of As- 
tell light wall, standard and extra heavy 
grades of pipe which can be supplied 
in any size for use with Astell fittings. 


51—Multiport Drainers 


“Multiport” drainers, described in 
Bulletin 4340 just announced by Coch- 
rane Corporation, 17th St. and Alle- 
gheny Ave., Philadelphia 32, are de- 
signed for continuously removing large 
quantities of condensate from evapora- 
tors, heaters, separators, coils or steam 
lines. Condensate is discharged through 





4’ 


For free copies of manufacturers 
literature or more information 
about new equipment featured 
in Petroleum Refiner, simply 
identify the product by name 
and number. 











multiple port openings of a float-con- 
trolled rotary valve. Continuous dis- 
charge is maintained at a rate deter- 
mined by the height of condensate in 
the body. For draining steam separators 
and similar applications where conden- 
sate flow is only a small percentage of 
steam flow a single port design has been 
added in the two smaller sizes. The 
standard drainer is made in five sizes 
with connections ranging from 1% to 
5 inches in diameter for pressures to 200 
psi. The external cage drainer is made in 
five sizes with connections ranging from 
14 to 6 inches in diameter for pressures 
to 300 psi. 


52——Fuel Dispenser 


A bulletin describing structural ad- 
vantages and safety features of newly de- 
signed 300-gallon elevated “PX” fuel 
and lubricant dispensers and improved 
skid tanks, has been issued by Apex 
Equipment Corporation, 624 South Mich- 
igan Ave., Chicago 5. 

Specifications and erection instructions 
are given for the packaged, all-welded, 
gravity-feed units, which are delivered 
in six parts that require only 24 bolted 
field connections. Also described is a 
triple-action, self-closing emergency 
safety valve. 


53——Condensate Return System 


Cochrane Corporation, 17th Street 
and Allegheny Avenue, Philadelphia 32 
has published an expanded bulletin on 
high pressure condensate return systems 
New technical material on turbulent ys 
laminar steam flow and the effects of 
air and condensate films on heat ex. 
change characteristics are included. Im. 
proved equipment for removal and drain- 
age of condensate is also described for 
the first time. Ask for Publication 3259, 


54—Loading Assemblies 


Oil Equipment Manufacturing Com. 
pany, 3100 Vermont Avenue, Louisville 
11, Ky., has released Catalog No. 500, 
which emphasizes flexible dome-type 
truck and tank car loading assemblies, 
Oilco swing joints, ball joints and other 
accessories. The catalog is replete with 
photographs and schematic drawings of 
the company’s various items. 

Introduced is Oilco’s perfected self- 
closing line valves, of tested all bronze 
and equipped with phosphar bronze 
springs and a special disc which will 
withstand up to 300 degrees oil heat. 


55—Operation Recorder 


Bulletin 247, describing operation re- 
corders is now available, the Esterline- 
Angus Company, Inc., Box 596, Indi- 
anapolis, Ind., has announced. The oper- 
ation recorder is a multi-pen instrument 
which can record the time of occurrence, 
sequence of operation, and duration of 
as many as 20 events on one chart. Ap- 
plications include flow of liquids in 
pipes, emptying and filling of tanks, 
position of valves, etc. 
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323 W. TENTH ST. NEW YORK HOUSTON 





Petroleum Refiner—V ol. 27, No. 4 








ystem 


1 Street 
Iphia 32, 
lletin on 
Systems, 
ulent ys. 
ffects of 
heat ex- 
ded. Im- 
nd drain- 
‘ibed for 
ion 3250, 


g Com- 
ouisville 
No. 500, 
me-type 
emblies, 
nd other 
ete with 
wings of 


ed self- 
| bronze 
bronze 
ich will 
heat. 


tion re- 
sterline- 
6, Indi- 
he oper- 
trument 
urrence, 
ation of 
art. Ap- 
uids in 

tanks, 








No. 4 


Pd About 


EQUIPMENT 
SERVICE 
































er == . 





lee Placed in Charge of 
Porter’s Houston Office 


H. K. Porter Com- 
pany, Inc. of Pitts- 
burgh, has appointed 
William Lee, dis- 
trict manager of its 
new Houston sales 
office. Lee who has 
been associated with 
the oil industry for 
the past 13 years, 
will handle the com- 
plete line of Porter 
equipment for the 
processing and refin- 
ing industries and 
will also handle the Lee 
field specialties. 





Evans Joins Branson 

Dwight J. Evans has joined Branson 
Instruments, Inc. Danbury, Conn. as 
chief engineer, in charge of the develop- 
ment of new instruments for the petro- 
leum trade. 

After graduating from Kansas Univer- 
sity with a Bachelor of Science in Elec- 


trical Engineering in 1938, Evans was 
connected with the engineering depart- 
ment of Phillips Petroleum Company, 
Bartlesville, Okla. from 1939 to 1948. He 
served in the Navy as aviation radar 
officer for three years, on military leave 
from Phillips. 


Ethyl Announces Changes 


Ethyl Corporation has announced 
changes in the management of its gaso- 
line testing laboratories as follows: Wil- 
liam C. Ludt, branch manager of gaso- 
line testing in Tulsa, laboratory to 
branch manager of the laboratory in 
North Kansas. City, Mo., to succeed 
Harold L. McIntire, resigned; Charles 
A. Rankin, branch manager of gasoline 
testing in San Bernadino, Calif., to 
branch manager at Tulsa, to succeed 
Ludt; Robert W. Adams, laboratory 
technician promoted to branch manager 
of gasoline testing in San Bernadino, 
to succeed Rankin. 

In addition to Tulsa, San Bernadino, 
and North Kansas City, Ethyl Corpo- 
ration maintains gasoline testing labo- 
ratories in Baton Rouge, La., and Yon- 
kers, N. Y. As a service to oil refiners, 





Guesswork Elim 


Maintains (without variation) any 
set rates between oil and air over 
its entire range. 


FEATURES: 

* Single lever automatic control. 

* Control of CO2 adjustable within 2%. 
* Operates on low pressure oil and air. 
#10 to 1 Turndown Ratio. 


The : 
DENVER FIRE CLAY | 






EL PASO, TEXAS SALT LAKE 
NEW YORK, NY. CITY, UTAH 


DENVER, COLO. U.S.A. 
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PEERLESS 


HORIZONTAL 
CENTRIFUGAL 


PUMPS 


TYPE A 


Single Stage 
Pump 





FOR CONTINUOUS DUTY 
GENERAL SERVICE PUMPING 
PEERLESS TYPE A PUMPS 
Capacities: Up to 70,000 G. P.M. 


Heads: Up to 300 feet 
1 to 1000 H.P. + All Types Drive 


TYPE AF 


With Complete 
Fittings 





FOR ADEQUATE 
FIRE PROTECTION SERVICE 
TYPE AF FIRE PUMPS* 

Underwriters’ Approved 
Capacities: 500 to 2000 G. P. M. 


Pressure: Up to 150 Ibs. 
20 to 250 H. P. 


*Formerly 
Dayton-Dowd 


TYPE C 
Single Stage 
Pump 





FOR ACIDS, CAUSTICS, HOT 
OILS, CHEMICALS & PROCESS 
SERVICES... 

PEERLESS TYPE C PUMPS 


Capacities: 10 to 1200 G. P. M. 
Heads up to 100 lbs. « 1 to 60 H. P. 


FOR MOST 
SERVICES IN 
ALL INDUSTRIES 





Request Bulletins On The Type Required 
For Your Applications. 


PEERLESS PUMP DIVISION 
Food Machinery Corporation 


Factories: Los Angeles 31, Calif.; Quincy, Ill. ;Indianapolis, Ind. 
District Offices: New York 5,37 WallStreet ;Chicago 40, 
4554 No. Broadway ; Atlanta Office: Rutland Bidg., Decatur, 
Ga.; Datias 1, Texas; Fresno, Calif.; Los Angeles 31, Calif. 
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INCHES VACUUM 


Reset pointer 
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42 W-VAC.-0.2 IN. SUBD. borometer pressure 


@ A vacuum gage indicates the difference between 
atmospheric pressure (zero on the dial) and absolute 
zero. Like any Bourdon tube pressure gage, a vacuum 
gage is really a differential gage. Variations in atmos- 
pheric pressure may cause a serious error in the gage 
reading. This is true particularly when the gage is in 
a room pressurized by forced draft. A difference of 1 inch 


in room pressure results in a gage error of about 314% 


The new Heticom Vacuum Gage is made so that 
corrections for changes from 29 to 31 inches in baro- 
metric pressure may easily be made by means of the 
external micrometer pointer adjuster—exclusive with 
Helicoid. The dial is graduated from 0 to 30 inches 
mercury vacuum in 0.2 inch subdivisions. It reads 
counter-clockwise to avoid any confusion with pressure 
gages, and is designed for greatest ease in reading. 


That is another exclusive Helicoid Gage feature. 


for changes in 





Only Helicoid Gages 
have the 
Helicoid Movement 


HELICOID GAGE DIVISION 


® AMERICAN CHAIN & CABLE 
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the company’s five testing laboratories 
regularly test and analyze gasoline sam. 
ples from all parts of the country and 
provide consulting facilities on knock 
testing and related problems. 


Fred Ruebelmann Appointed 
Penberthy Sales Manager 


Since Penberthy Injector Company 
became a subsidiary of the Buffalo Bolt 
Company, the prod- 
ucts, policies and 
personnel have con- 
tinued unchanged 
with one important 
exception. Fred E. 
Ruebelmann was ap- 
pointed general sales 
manager to succeed 
A. D. Thomas, re- 
signed. Ruebelmann 
has been a member 
of the Penberthy or- 
ganization for more 
than 36 years, most 
recently as supervi- 


Ruebelmann 
sor of sales. 


Student Capacity Doubled at 
Brown Instrument School 


Student capacity, space, and equip- 
ment facilities at the Brown School of 
Instrumentation in Philadelphia has been 
doubled through the leasing of new 
quarters. The school now in its 14th 
year, is conducted for training both 
customer and Brown Instrument Com- 
pany service and maintenance engineers. 

Thé new quarters will permit expan- 
sion of the school faculty under the 
direction of M. L. Ladden, according to 
L. M. Morley, vice president of Minne- 
apolis- Honeywell Regulator Company 
and its Brown division. 

The school will extend its courses in 
processing control and will add classes 
in specialized subjects. Free tuition is 
provided for customer students. 


Howell at West Coast Post 


Charles M. Howell has been appointed 
petroleum sales engineer for the West 
Coast by Detroit 
Diesel Engine Divi- 
sion, General Motors 
Corporation. He will 
have local headquar- 
ters in California but 
will operate out of 
the companys’ pe- 
troleum industry 
sales office, at Tulsa, 
under the direction 
of Arch F. Campbell. 

Howell came to 
Detroit Diesel in 
January directly from 
the Bethlehem Sup- 
ply Company of Cali- 
fornia. 


Howell 


Linde Products to Expand 
Its Facilities at Billings 
An oxygen filling station and acety- 


lene-producing plant will be built_near 
Billings, Mont., by The Linde Air Prod- 


ucts Company, Unit of Union Carbide | 


and Carbon Corporation. 

The new facilities will provide indus- 
tries in the area with a supply of two 
of the company’s main products, Linde 
oxygen, and Prest-O-Lite acetylene. It 
is expected that the new facilities will 
be in operation shortly. ‘ 
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Keating Heads A. O. Smith 
southwest Office, Houston 


L. M. Keating, assistant to the presi- 
dent in charge of distribution of A. Q. 
Smith Corporation, has been appointed 
executive administra- 
tor of the company's 
Southwest district 
fice in Houston. He 
replaces B. F. Bart, 
recently deceased. 

Keating, a native 
Texan, was gradua- 
ted from the engi- 
neering school of 
Washington Univer- 
sity. His business ex- 
perience includes en- 
gineering, marketing, 
and administration, 
fve years having Keating 
heen with the Mc- 
Graw-Hill Publishing Company. Keat- 
ing’s first assignment with A. O. Smith 
was to inaugurate a program of product 
diversification and a later assignment 
was to develop a national market for 
welding electrodes and equipment. Dur- 
ing the war he supervised the design 
and construction of the company’s 
Houston electrode plant, which has 
since been converted to the manufac- 
ture of liquid gas systems, pressure 
vessels, and vertical turbine pumps. 
Since 1937 he has worked with both 
manufacturing and sales executives in 
producing and distributing company 
products for the petroleum industry. For 
the past three years, he has served as 
executive in charge of distribution on 
the company’s management staff. 





Ansul Appoints Covert 


Ansul Chemical Company, Marinette, 
Wis., has appointed 
Kenneth B. Covert 
to the position of 
sales manager of its 
fire extinguisher divi- 
sion. He has been in 
charge of refrigerant 
sales at the com- 
pany’s eastern office 
in Philadelphia since 
1945. Previously he 
was with Macklan- 
burg Supply Com- 
pany, Oklahoma 
City, and Revere 
Brass & Copper Covert 
Company, Chicago. 





Field Engineers Assigned 


By Bailey Meter Company 


Bailey Meter Company, Cleveland, 
Uhio, in expanding its staff of field 
engineers has made assignments as fol- 
lows: H. E. Bitler to Buffalo, M. J. Bon- 
nette and R. W. Hooper to the Hous- 
ton area, J. W. Cunningham to Atlanta, 

-G. Hilston to Cleveland district office, 
J O. Meals to St. Louis, and L. W. 
Meier to Los Angeles. 

J. R. Brennan, J. A. Hays and R. P. 
Marche are remaining at the Cleveland 
otice where they will be attached to 
the engineering, research and sales de- 
partments respectively. 

hese men, all recent engineering 
graduates, have just completed the 
Bailey Meter Company cadet engineer- 
ing course. The company also announced 
two new classes for engineering gradu- 
ates: one which opened in February and 
one which is scheduled for July. 











@ A good strainer protects your equip- 
ment and pipelines. The most impor- 
tant part of a strainer is the screen. 

@ Screens used in Yarway Strainers are 
made of high-grade monel woven wire 
having small triangular openings fine 
enough for required stoppage of dirt, 
rust and scale, but having ample free 
area for passage of clean condensate, 
oil or other fluids. Mechanical strength 
is greater than ordinary mesh. Per- 
forated screens if desired. 

@ Screen cap is made with straight thread, 
machined face and spark plug gasket, 
insuring tight joint. Screen comes out 
with cap for —_ cleaning . . . auto- 
matically aligns when replaced. 

@ Iron and steel bodies of Yarway 
Strainers are cadmium-plated for pro- 
tection against corrosion and better 
appearance. 

@ Six sizes, 4%” to 2”. Hundreds of 
thousands in use. Stocked and sold 
by 150 Mill Supply Dealers. See your 
local supply house or write for Bulletin 
S-201. 


YARNALL-WARING COMPANY 
128 Mermaid Avenue Philadelphia 18, Pa. 


YAR WAY STRAINERS 


‘Police 
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Rippie Joins Lukens Steel 


Dr. Charles W. Rippie has joined Luk- 
ens Steel Company, Coatesville, Pa. as 
a member of its sales 
development staff 
and will specialize in 
Lukens nickel-, stain- 
less-, Monel-, and 
Inconel-clad Steels, 
with partcular em- 
phasis on their ap- 
plications in the pe- 
troleum industry. 

Previously, Dr. 
Rippie had been head 
of the technical serv- 
ice of the research 
and development di- 
vision of Merck & 
Company, Rahway, 








Rippie 








N. J. He also was formerly associated 
with Shell Oil Company, Inc., with 
Solvay Sales Corporation, where he was 
petroleum technologist; and with Mon- 
santo Chemical Company. 


Wilson to Head Brown 


Sales in Eastern Area 

O. B. Wilson has been named indus- 
trial manager for the eastern sales re- 
gion of the Brown Instrument division 
of Minneapolis-Honeywell Regulator 
Company, thus making him regional 
manager of the territory extending from 
northern Virginia, through Eastern 
Pennsylvania, to the Canadian border, 
west to Rochester, N. Y., and in New 
England. 

Wilson has been with the Honeywell- 
Brown organization for the past 25 
years. 
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Rear Admiral Hundt Named 
National Foam New Manager 


Rear Admiral L. T. Hundt, USsy 
(Ret.) has been named general manager 
of National Foam 
Company’s manufac- 
turing plant at West 
Chester, Pa., and E. 
P. (Pat) Hughes has 
been named assistant 
to the president of 
National Foam. 

Admiral Hundt re- 
tired from the U. S. 
Navy last year after 
30 years’ service. He 
was chief of staff of 
the Naval Air Mate- 
rial Center, Philadel- 


phia, from 1946 to 
July, 1947, when he wend 
Was retired, at his request, and was 


advanced to the rank of rear admiral on 
the retired list. 

Admiral Hundt will be in full charge 
of all manufacturing facilities of National 
Foam. Hughes will continue to concen- 
trate on sales. 







Gregory Succeeds Chambers 
With Lockett Organization 


William Bres Gregory, who has been 
associated with A. M. Lockett & Com- 
pany, Ltd., since 1926, and assistant man- 
ager of their Dallas office since 1940, has 
been appointed manager of the Dallas 












district office, to succeed Henry E. 
Chambers, Jr., who died March lI. 
Chambers had been connected with 






Lockett since 1912. 

Gregory joined the Lockett staff in 
1926 and was assigned to Dallas in a 
sales and engineering capacity. 

Announcement was also made that 
Frank P. Elizardi had been named as- 
sistant to the vice president of A. M. 
Lockett & Company, Ltd., with head- 
quarters in Dallas. His work, however, 
will take him all over Texas. 

The Lockett organization has estab- 
lished branch offices in Houston, Galves- 
ton, Beaumont, Corpus Christi, and 
Amarillo, Texas; and, in Shreveport, La. 






















Anne Named by Elliott 


John W. Anne has been appointed 
sales manager of the Jeannette plant of 
Elliott Company. He came with Elliott 
in 1925 immediately after graduating as 
a mechanical engineer from Penn State. 
After completing his. apprentice course, 
he was assigned to the condenser de- 
partment. He became manager of the 
heat transfer and turbine sales depart- 
ment five years ago. 

















Walter C. Clapp Dies 


Walter C. Clapp, 48, manager of the 
product sales department of the Man- 
hattan Rubber Division, Raybestos-Man- 
hattan, Inc., Passaic, N. J., died March 
6. He had been associated with Manhat- 
tan Rubber for 34 years, starting as am 
office boy. 













Berry Moves Office 


Effective March 18, Berry Asphalt 
Company removed its main office from 
120 South LaSalle Street, Chicago, @ 
Magnolia, Ark. R. W. Francis and Jim 
Van Pelt will continue to represent the 
company from the Chicago office. 
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ager under Grannell E. Knox, who was 
manager of the New Jersey Sales Branch 
for 34 years until his death in January. 


GE Promotes Harris 


manager of the new Decatur, IIL, 





Homestead Valve Expands Facilities 





Climax of a $400,000 postwar expansion program was marked when Homestead Valve Manufac- 
wing Company formally began production of “Hypressure Jenny” steam cleaners in its new 
Coraopolis plant, pictured above. Although the youngest branch of the 56 year old company, the 
"Hypressure Jenny” division outgrew all available space in the main plant. Modern in every detail 
of design and construction, the new plant has more than a thousand feet of conveyors as well as a 
notorized assembly line. Incoming materials flow from the freight cars and trucks right into the 
production and assembly lines with a minimum of handling. This new 40,000-square-foot plant has 
a rated capacity of 5000 “Hypressure Jenny” steam cleaners a month. 


of General Electric’s plastics division. 
He first came with General Electric in 
1930, shortly after his graduation from 
Washburn College. 


Teeling Appointed Manager 

R. F. Teeling of Raybestos-Manhattan, 
Inc, Manhattan Rubber Division, Pas- 
saicy N. J., has been appointed manager 
of the local sales branch formerly known 
as “New Jersey Sales,” and which will 
now function as “North Jersey Branch.” 
Teeling, who has been with the com- 
pany for 36 years, was assistant man- 


Girdler Names Kennedy 


Jack K. Kennedy has been appointed 
a sales representative of the Votator 
Division of the Girdler Corporation, 
Louisville, Ky., and assigned to the staff 
of Sam N. Welsh, Eastern sales man- 
ager, 150 Broadway, New York. 

Kennedy, a mechanical engineer 
graduate of Rose Polytechnic Institute, 
joined the Votator Division in 1946 after 
serving in the Army as an officer. 


H. Harris has been named 
works 


Charles 


Fabricated Units by Multi-Metal 


This grease strainer, shown with a set of 
inner cartridges, is an outstanding example 
of Multi-Metal’s ability in the design and 
fabrication of wire and filter cloth units. 
Units like these have provided industry with 
the answers to more efficient, less expen- 
sive processing operations. Specially fab- 
ricated units can be promptly and 
economically custom-built to your require- 
ments. 

Multi-Metal also supplies a wide range of 
filter and wire cloth, of all meshes, weaves 
and metals — by the yard, piece or roll. 
For a complete description of our filter 
and wire cloth stocks and fabricating re- 
sources, write for the 32-page Multi-Metal 
catalog. Send prints and specifications for 
prompt recommendations. 


SEE US AT THE EXPOSITION 


We'll be looking for you at the Inter- 
national Petroleum Exposition, May 
15-22, Tulsa, Oklahoma. Booths 30 and 
31 in the KANSAS Building. 











Multi-Metal 


WIRE CLOTH COMPANY, INC. 
EL N.Y 


Serving the Processing Industries 


More than 35 years 


Garrison Ave., New York 59 





April, 19484 Gulf Publishing Company Publication 
























KEEP BLACK CLOUDS 
OUT OF THE SKY 
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The Blaw-Knox Fog Nozzle bs 
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always instantly availabh 
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Send for Bulletin No. 2207 
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Blaw-Knox offers Stands 
ard Wet and Dry Pipe 
Systems, as well as 
Thermostatically Con- 
trolled Deluge Systems. 


BLAW-KNOX 


SPRINKLER DIVISION | 


OF BLAW-KNOX CONSTRUCTION COMPANY 


829 Beaver Ave., N.S. 
Pittsburgh 12, Pa. 
Offices in Principal Cities 
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If you need dependable Turbine repairs 
in a hurry, call us. We are completely 
equipped to repair and dynamically bal- 
ance turbine rotors and any High Speed 
rotating elements in our modern shops. 


25 Years Successful Experience 











GIVE WORN PARTS 
NEW LIFE BY 
METALLIZING 


Yes, METALLIZING is the modern 
maintenance method. Metallizing 
reduces maintenance and replace- 
Metallizing combats 


ment costs 


corrosion and lengthens service 
life. 11 years successful experience. 


Write for details and prices. 


GENERAL METALLIZING 
& MACHINE CO. 


1409 Elysian St. Phone F-4738 
Houston 10, Texas 


PLANT... 


. . IS ITS BATTERY OF 


HEATERS 


» 
BORN ENGINEERING CO. 


TULSA. OKLAHOMA 








Plant managers from the 16 divisions and subsidiaries of Rockwell Manufacturing Company recently 
held their winter meeting at the home offices in Pittsburgh. The gathering permitted interchang 
of operating experiences in production, engineering, research, accounting, sales, advertising and 
labor relations at an executive level on a confidential basis and with an unusual lack of restraint, 
the company explained. Shown above, left to right, are those who attended the meeting, all being 
trom Rockwell manufacturing Company, Pittsburgh, unless otherwise designated: First row: W. §, 
Potter, W. H. Newbaker, A. J. Kerr, W. F. Rockwell, W. F. Rockwell, Jr., E. W. Meyers, C. A. Wiken. 
Second row: H. C. Stuckeman, Delta Manufacturing Co.; J. E. Ashman, H. S. Rockwell, Hopewell 
Division; A. E. Mcintyre, B. C. Trueblood, Arcade Manufacturing; W. R. Brown, Arcade Manv- 
facturing; A. R. Whittaker, National Motor; C. H. Daugherty, Monessen. Third row: R. G. Caouette; 
N. J. Kenney, Ohmer Corporation; A. E. Higgins, R. 1. C.; L. W. Heavener, Macnick Division; R. C 
DuBruog, Crescent Machine; E. F. Foubert. Top row: H. C. Greene; W. F. Crawford, Edward Valves; 
Floyd Snodgrass, Nordstrom Valve, Oakland; Wm. A. Marsteller; C. S. Bygate; L. A. Dixon, Jr, 
Pittsburgh-DuBois. 


American Brake Shoe 
Lists Official Changes 


Fred P. Biggs has been appointed 
first vice-president of Brake Shoe & 
Castings Division of American Brake 


FIRE PUMPS 


36—New HALE High Pressure 
Centrifugal Pumps—500 GPM 
@ 346 Ft. Hd.—4” Suction and 
Two 21/,” Discharge Connec- 





tions equipped each with 
Quick Opening Valve. Direct 
connected to Chrysler Ind. 7, 
6 Cylinder Gasoline Engine. 
Units complete with starter 
and generator — Steel Skid 
Mounted -— Boxed for Export. 
Shipping Wt. 1750 


F.O.B. San Antonio, Texas ~ 
$850.00 ea. 


HALLORAN 
EQUIPMENT CO. 


Phone Capitol 1447 
431 Kress Building 


HOUSTON 2, TEXAS 








Shoe Company. In addition to his new 
duties, he will continue as Vice-Presi- 
dent in Charge of Sales of the Brake 
Shoe & Castings, and Southern Wheel 
Divisions. 

Other Brake Shoe appointments an- 
nounced last month include: Roger W 
Batchelder appointed assistant to the 
president of the National Bearing Divi- 
sion of American Brake Shoe Compan 
and William H. Old appointed general 
purchasing agent for American Brake 
Shoe. Batchelder will be located at the 
division headquarters in St. Louis 
whereas Old will continue to be locate: 
in New York. 


Ritschard Transferred 

Bailey Meter Company, Cleveland 
Ohio, has transferred R. B. Ritschard 
from its Cincinnati office to its Cleve- 
land district office. Ritschard has been 
with Bailey Meter Company since 1936. 





Cooling Tower Consulting 
Specialist 
Performance & Stress Analyses 
STANLEY W. KRYSZEWSKI 
Lic. Prof. Eng. N. Y. 


14 Christopher St., Carteret, N. J. 
Write for Particulars 








Spent 
FULLERS EARTH 


© We buy it 
© We invite your offers 
© We serve leaders in the industry 


THE DICKERSON COMPANY 
Drexel Building Philadelphia 6, Pe. 


_ a 











~ - T { : 
Petroleum Refiner—V ol. 27, No.* 





Single 
tion p 
$3.00; 


Copyri 


Petrol 


